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(57) ABSTRACT

A distortion compensation apparatus for performing distor-
tion compensation processing by applying the inverse prop-
erties of distortion properties of the power amplifier to a
transmission signal to be input to a power amplifier, includes
a plurality of distortion compensation coefficient storage
units configured to store a plurality of distortion compensa-
tion coefficients used for the distortion compensation pro-
cessing, an offset correction processing unit configured to
subject the distortion compensation coefficient stored in each
of'the plurality of distortion compensation coefficient storage
units to offset correction processing, and to generate distor-
tion compensation coefficients in the case that the offset cor-
rection processing has not been performed, corresponding to
plurality of distortion compensation coefficient storage units,
in a pseudo manner and a distortion compensation processing
unit configured to subject the transmission signal to the dis-
tortion compensation processing based on the distortion com-
pensation coefficients generated in a pseudo manner.

13 Claims, 16 Drawing Sheets
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FIG. 10
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FIG. 15
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DISTORTION COMPENSATION APPARATUS
AND DISTORTION COMPENSATION
METHOD

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application is based upon and claims the benefit of
priority of the prior Japanese Patent Application No. 2011-
102451, filed on Apr. 28, 2011, the entire contents of which
are incorporated herein by reference.

FIELD

A technique disclosed in one aspect of embodiments of the
present disclosure relates to a distortion compensation appa-
ratus and a distortion compensation method.

BACKGROUND

With wireless communication devices in wireless commu-
nication systems, high efficiency has strongly been demanded
from a viewpoint such as reduction in device size, and energy
saving.

Power amplifiers in wireless communication devices are
generally used at a high-efficiency saturation region. How-
ever, it has been recognized that in the event that a power
amplifier is used around a saturation region, nonlinear distor-
tion increases. As for a technique for reducing adjacent chan-
nel leakage power (Adjacent Channel Power, ACP) while
suppressing this nonlinear distortion, there is distortion com-
pensation processing. A distortion compensation apparatus
configured to perform distortion compensation processing is
included in wireless communication devices. As for distor-
tion compensation apparatuses, there is a device employing a
method such as series type or look up table (hereafter, referred
to be as LUT) type, or the like.

On the other hand, with power amplifiers, it has been
recognized that a phenomenon such as memory effect occurs.
The memory effect is a phenomenon wherein, with a power
amplifier, an output signal as to an input signal at certain
point-in-time is influenced by an input signal in the past.
Accordingly, a power amplifier has been desired wherein
nonlinear distortion in the above power amplifier can be com-
pensated, and also influence of memory effect in a power
amplifier can be compensated.

Notethat U.S. Pat. No. 7,561,636 has disclosed an example
of a distortion compensation apparatus including multiple
LUT. Also, Japanese Laid-open Patent Publication No. 2007-
019782 has disclosed a technique for obtaining the offset of'a
distortion compensation coefficient stored in a LUT, and per-
forming distortion compensation processing using a distor-
tion compensation coefficient obtained by subtracting this
offset.

SUMMARY

According to an aspect of the invention, a distortion com-
pensation apparatus for performing distortion compensation
processing by applying the inverse properties of distortion
properties of said power amplifier to a transmission signal to
be input to a power amplifier, includes a plurality of distortion
compensation coefficient storage units configured to store a
plurality of distortion compensation coefficients used for said
distortion compensation processing, an offset correction pro-
cessing unit configured to subject said distortion compensa-
tion coefficient stored in each of said plurality of distortion
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compensation coefficient storage units to offset correction
processing, and to generate distortion compensation coeffi-
cients in the case that said offset correction processing has not
been performed, corresponding to said plurality of distortion
compensation coefficient storage units, in a pseudo manner
and a distortion compensation processing unit configured to
subject said transmission signal to said distortion compensa-
tion processing based on said distortion compensation coef-
ficients generated in a pseudo manner.

The object and advantages of the invention will be realized
and attained by means of the elements and combinations
particularly pointed out in the claims.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the invention,
as claimed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a diagram illustrating an example of the internal
configuration of a multi-LUT-type distortion compensation
apparatus;

FIGS. 2A and 2B are diagrams illustrating an example of
the distributions of the distortion compensation coefficients at
LUTs (Look Up Tables) after distortion compensation pro-
cessing and updating processing of the distortion compensa-
tion coefficients during a certain period of time at the distor-
tion compensation apparatus;

FIG. 3 is a diagram illustrating an example of the configu-
ration of a wireless communication device including a multi-
LUT-type distortion compensation apparatus according to a
first embodiment;

FIG. 4 is a diagram illustrating an example of the internal
configuration of a pre-distortion signal generating unit
according to the first embodiment;

FIG. 5 is a diagram for describing distortion compensation
coefficient correction processing at the pre-distortion signal
generating unit according to the first embodiment;

FIG. 6 is a diagram illustrating an example of a flowchart of
distortion compensation coefficient correction and updating
processing at the distortion compensation apparatus accord-
ing to the first embodiment;

FIG. 7 is a diagram illustrating an example of the internal
configuration of a pre-distortion signal generating unit
according to a second embodiment;

FIG. 8 is a diagram illustrating an example of a flowchart of
distortion compensation coefficient correction and updating
processing at a distortion compensation apparatus according
to the second embodiment;

FIG. 9 is a diagram illustrating an example of the internal
configuration of a pre-distortion signal generating unit
according to a third embodiment;

FIG. 10 is a diagram illustrating an example of a flowchart
of distortion compensation coefficient correction and updat-
ing processing at a distortion compensation apparatus accord-
ing to the third embodiment;

FIG. 11 is a diagram illustrating an example of the internal
configuration of a pre-distortion signal generating unit
according to a fourth embodiment;

FIG. 12 is a diagram for describing distortion compensa-
tion coefficient correction processing at the pre-distortion
signal generating unit according to the fourth embodiment;

FIG. 13 is a diagram illustrating an example of a flowchart
of distortion compensation coefficient correction and updat-
ing processing at a distortion compensation apparatus accord-
ing to the fourth embodiment;
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FIG. 14 is a diagram illustrating an example of the internal
configuration of a pre-distortion signal generating unit
according to a fifth embodiment;

FIG. 15 is a diagram for describing division processing of
an address region to be corrected at each LUT in the pre-
distortion signal generating unit according to the fifth
embodiment; and

FIG. 16 is a diagram illustrating an example of a flowchart
of distortion compensation coefficient correction and updat-
ing processing at a distortion compensation apparatus accord-
ing to the fifth embodiment.

DESCRIPTION OF EMBODIMENTS

Hereafter, embodiments of the present disclosure will be
described.

EMBODIMENTS

As for a distortion compensation apparatus capable of
compensating distortion due to memory effect in addition to
nonlinear distortion at a power amplifier while suppressing
increase in circuit scale, there is a multi-LUT-type distortion
compensation apparatus. The multi-LUT-type distortion
compensation apparatus includes multiple LUT, and gener-
ates a pre-distortion signal by performing distortion compen-
sation processing based on multiple distortion coefficients
stored in the multiple LUT and a transmission signal.

FIG. 1 is a diagram illustrating an example of the internal
configuration of a multi-LUT-type distortion compensation
apparatus 100. As illustrated in FIG. 1, a pre-distortion signal
generating unit 130 of the distortion compensation apparatus
100 includes an address generating unit 102, a delay unit 104,
a LUTa (Look Up Table) 106, a LUTb 108, a LUTc 110, a
LUTd 112, adders 114 and 116, multipliers 118 and 120, a
delay unit 122, and an adder 124.

The address generating unit 102 receives a transmission
signal Tx(t), and generates an address Adrs(Tx(t)) corre-
sponding to the power value p(t) of the transmission signal
Tx(t). The generated address Adrs(Tx(t)) is supplied to the
LUTa 106 and LUTc 110.

The delay unit 104 receives the address Adrs(Tx(t)) gen-
erated by the address generating unit 102. The delay unit 104
outputs the received address Adrs(Tx(t)) by delaying output
by time equivalent to difference between the current refer-
ence point-in-time and the previous reference point-in-time,
thereby generating an address Adrs(Tx(t-1)) corresponding
to the power value p(t-1) of the transmission signal Tx(t-1) at
the previous reference point-in-time t-1. The generated
address Adrs(Tx(t-1))is supplied to the LUTb 108 and LUTd
112.

The LUTa 106 received the address Adrs(Tx(1)), and reads
out a distortion compensation coefficient ha(p(t)) from the
location indicated by the received address Adrs(Tx(t)). The
LUTa 106 supplies the read distortion compensation coeffi-
cient ha(p(t)) to the adder 114. In the same way, the LUTc 110
receives the address Adrs(Tx(t)) to supply a distortion com-
pensation coefficient he(p(t)) to the adder 116.

The LUTDb 108 receives the address Adrs(Tx(t-1)), and
reads out a distortion compensation coefficient hb(p(t-1))
from the location indicated by the received address Adrs(Tx
(t=1)). The LUTb 108 supplies the read distortion compen-
sation coefficient hb(p(t-1)) to the adder 114. In the same
way, the LUTd 112 receives the address Adrs(Tx(t-1)) to
supply a distortion compensation coetfficient hd(p(t-1)) to the
adder 116.
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The adder 114 performs synthesis by adding the distortion
compensation coefficients ha(p(t)) and hb(p(t-1)) to generate
a post-synthesis coefficient h1(p(7)). The adder 114 supplies
the post-synthesis coefficient hl(p(?)) to the multiplier 118.

The adder 116 performs synthesis by adding the distortion
compensation coefficients he(p(t)) and hd(p(t-1)) to generate
a post-synthesis coefficient h2(p(7)). The adder 116 supplies
the generated post-synthesis coefficient h2(p(¢)) to the multi-
plier 120.

The multiplier 118 receives the transmission signal Tx(t)
and post-synthesis coefficient hl(p(?)). The multiplier 118
multiplies the transmission signal Tx(t) and post-synthesis
coefficient h1(p(¢)), thereby generating a transmission signal
Tx1(#). The multiplier 118 supplies the generated transmis-
sion signal Tx1(¢) to the adder 124.

The delay unit 122 outputs the transmission signal Tx(t) by
delaying output by time equivalent to difference between the
current reference point-in-time and the previous reference
point-in-time, thereby generating a transmission signal Tx(t—
1) at the previous reference point-in-time t-1. The delay unit
122 supplies the generated transmission signal Tx(t-1) to the
multiplier 120.

The multiplier 120 receives the transmission signal Tx(t—
1) and post-synthesis coefficient h2(p(7)). The multiplier 120
multiplies the transmission signal Tx(t-1) and post-synthesis
coefficient h2(p(¢)), thereby generating a transmission signal
Tx2(#). The multiplier 118 supplies the generated transmis-
sion signal Tx2(#) to the adder 124.

The adder 124 adds the transmission signals Tx1(z) and
Tx2(#), thereby generating a pre-distortion signal PD(t). The
pre-distortion signal PD(t) is a signal generated by subjecting
the transmission signal Tx(t) input to the distortion compen-
sation apparatus 100 to distortion compensation processing,
and is a transmission signal after the distortion compensation
processing.

A distortion compensation coefficient updating unit 140
receives the pre-distortion signal PD(t) and a feedback signal
Fb(t), and also receives the distortion compensation coeffi-
cients ha(p(t)), hb(p(t-1)), he(p(t)), and hd(p(t-1)) from the
LUTa 106, LUTb 108, LUTc 110, and LUTd 112 respec-
tively. The feedback signal Fb(t) is a feedback signal gener-
ated based on the output signal of a power amplifier not
illustrated.

The distortion compensation coefficient updating unit 140
calculates an updated value corresponding to the received
distortion compensation coefficient as to each of the look up
tables (LUT) based on the received pre-distortion signal
PD(t) and feedback signal Fb(t). The distortion compensation
coefficient updating unit 140 updates the distortion compen-
sation coefficient correlated with the power value of the trans-
mission signal corresponding to the received distortion com-
pensation coefficient based on the calculated updated value at
each LUT.

As described above, with the multi-LUT-type distortion
compensation apparatus 100, the delay units 104 and 122 are
provided, and correction components of the distortion com-
pensation processing called as delay terms are generated,
thereby reflecting the information of the transmission signal
Tx(t-1) at the previous reference point-in-time t-1 on the
distortion compensation processing as to the transmission
signal Tx(t), and accordingly, distortion due to memory effect
of the power amplifier can be compensated in addition to
nonlinear distortion by the distortion compensation process-
ing.

FIGS. 2A and 2B are diagrams illustrating an example of
distortion compensation coefficient distributions at the LUTa
and LUTD after the distortion compensation processing and
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updating processing of the distortion compensation coeffi-
cients is performed during a certain period of time at the
distortion compensation apparatus 100. FIG. 2A represents
the distribution of the distortion compensation coefficient at
the LUTa 106, and FIG. 2B represents the distribution of the
distortion compensation coefficient at the LUTb 108. The
vertical axis represents the value of a real portion (I-channel
component) or imaginary portion (Q-channel component) of
a distortion compensation coefficient, and the horizontal axis
represents the corresponding address within a LUT.

The present application inventor has found that, as illus-
trated in FIGS. 2A and 2B, when performing updating of
distortion compensation coefficients at the distortion com-
pensation apparatus 100, in the event that a distortion com-
pensation coefficient has a certain offset at one LUT of the
LUTa and LUTb, even at the other LUT, the distortion com-
pensation coefficient consequently has an offset in the oppo-
site direction of the offset generated at one LUT so as to
compensate the certain offset thereof.

It can be conceived as an example that this phenomenon is
influenced by distortion compensation processing as to the
transmission signal Tx(t) using the post-synthesis coefficient
h1(p(?)) obtained by adding the distortion compensation coef-
ficient ha(p(t)) output from the L.UTa, and the distortion com-
pensation coefficient hb(p(t-1)) output from the LUTD at the
multiplier 118.

As a result thereof, a problem is caused wherein, in the
event of updating of a distortion compensation coefficient
advancing, the distortion compensation coefficient converges
exceeding a limited coefficient setting range settable at each
LUT with the distortion compensation coefficient distribu-
tions at the LUTa and LUTb. Therefore, the distortion com-
pensation coefficient is clipped to the upper limit or lower
limit in a limited coefficient setting range, and the distortion
compensation performance deteriorates.

For example, in the event that the distortion compensation
coefficient has an offset in the plus direction by updating
operation at the LUTa, the offset of the distortion compensa-
tion of the LUTa is an offset in the plus direction, and accord-
ingly, the value of the distortion compensation coefficient
attempts to converge at the LUTb so as to mutually compen-
sate the offsets, i.e., so as to reduce the offset that occurs at the
post-synthesis coefficient h1(p(7)). Therefore, the offset in the
minus direction of the opposite direction of the offset in the
plus direction at the [.UTa consequently occurs on the distor-
tion compensation coefficient at the LUTh.

Accordingly, with the distortion compensation coefficient
distributions at the LUTa and LUTDb, in the event of updating
of the distortion compensation coefficient advancing, opera-
tion is performed so as to mutually compensate the offsets,
and accordingly, the distortion compensation coefficient
stored in the LUTa increases while having an offset in the plus
direction, and the distortion compensation coefficient stored
in the LUTb decreases while having an offset in the opposite
minus direction.

As aresult thereof, as illustrated in FIGS. 2A and 2B, with
the distortion compensation coefficient distribution of the
LUTa, an address region where the distortion compensation
coefficient is clipped to the upper limit of the coefficient
setting range occurs, and with the distortion compensation
coefficient distribution of the LUTb, an address region where
the distortion compensation coefficient is clipped to the lower
limit of the coefficient setting range occurs. An address region
where the distortion compensation coefficient is clipped fails
to express the distortion compensation coefficient to be origi-
nally set, and consequently, the distortion compensation per-
formance deteriorates.
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Also, with the multiplier 120 as well, distortion compen-
sation processing as to the transmission signal Tx(t) is per-
formed using the post-synthesis coefficient h2(p(#)) to be
obtained by adding the distortion compensation coefficient
he(p(t)) output from the LUTc and the distortion compensa-
tion coefficient hd(p(t-1)) output from the LUTd. Accord-
ingly, with the LUTc and LUTd as well, in the same way as
with the LUTa and LUTb, a problem occurs wherein the
distortion compensation performance deteriorates.

1. First Embodiment

Description will be made regarding a wireless communi-
cation device and a distortion compensation apparatus
according to a first embodiment.

1-1. Configuration Example of Wireless Communication
Apparatus 300

FIG. 3 is a diagram illustrating an example of the configu-
ration of a wireless communication device 300 including a
multi-LUT-type distortion compensation apparatus 302. As
illustrated in FI1G. 3, the wireless communication device 300
includes a distortion compensation apparatus 302, a digital/
analog converter (DAC) 304, an up converter 306, a reference
carrier wave generator 308, a power amplifier 310, a down
converter 312, a reference carrier wave generator 314, and an
analog/digital converter (ADC) 316.

The distortion compensation apparatus 302 is a multi-
LUT-type distortion compensation apparatus, and includes a
pre-distortion signal generating unit 322, and a distortion
compensation coefficient updating unit 324. The pre-distor-
tion signal generating unit 322 includes multiple LUT, and
receives a transmission signal Tx(t) from a transmission sig-
nal generating device not illustrated. The pre-distortion signal
generating unit 322 synthesizes multiple distortion compen-
sation coefficients stored in the multiple LUT, thereby gen-
erating a post-synthesis coefficient, and generating a pre-
distortion signal PD(t) based on the received transmission
signal Tx(t) and the generated post-synthesis coefficient. The
details of'the pre-distortion signal generating unit 322 will be
described later.

The pre-distortion signal PD(t) is converted into an analog
signal by the DAC 304. The up converter 306 receives the
converted pre-distortion signal, performs orthogonal modu-
lation using the reference carrier waves supplied from the
reference carrier wave generator 308, and also performs fre-
quency conversion into a wireless frequency. The power
amplifier 310 receives the pre-distortion signal subjected to
the orthogonal modulation and frequency conversion, per-
forms power amplification of the received pre-distortion sig-
nal, and generates a wireless transmission signal. The power
amplifier 310 transmits the wireless transmission signal in the
air via an antenna not illustrated by radio, and also feeds back
the wireless transmission signal to the down converter 312.

The down converter 312 receives the wireless transmission
signal fed back, performs orthogonal detection using the ref-
erence carrier wave generator 314, and also performs fre-
quency conversion into the original baseband frequency. The
signal subjected to the orthogonal detection and frequency
conversion is converted into a digital signal by the ADC 316,
and supplied to the distortion compensation coefficient
updating unit 324 as a feedback signal Fb(t).

The distortion compensation coefficient updating unit 324
receives the feedback signal Fb(t), and also receives the pre-
distortion signal PD(t) from the pre-distortion signal gener-
ating unit 322. Also, the distortion compensation coefficient
updating unit 324 receives a distortion compensation coeffi-
cient h(p) from the multiple LUT within the pre-distortion
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signal generating unit 322. The distortion compensation coef-
ficient updating unit 324 performs adaptive signal processing
using LMS (Least Mean Square) algorithm for example,
thereby updating the value of the distortion compensation
coefficient stored in each of the multiple LUT included in the
pre-distortion signal generating unit 322.

The distortion compensation coefficient updating unit 324
subjects the feedback signal Fb(t) to the same distortion com-
pensation processing as with the transmission signal Tx(t),
thereby generating a reference pre-distortion signal PDref{(t).
The distortion compensation coefficient updating unit 324
calculates the updated value of the received distortion com-
pensation coefficient h(p) as to each LUT using the adaptive
signal processing employing the LMS algorithm so as to
obtain zero as difference between the received pre-distortion
signal PD(t) and the generated reference pre-distortion signal
PDref(t). The distortion compensation coefficient updating
unit 324 updates the value of the distortion compensation
coefficient within each LUT in a manner correlated with the
power value of the corresponding transmission signal based
on the calculated updated value. The distortion compensation
coefficient updating unit 324 repeatedly executes the above
distortion compensation coefficient updating processing,
thereby operating so as to have the value of the distortion
compensation coefficient within each LUT converge into a
certain value corresponding to each power value of the trans-
mission signals. Note that, with regard to distortion compen-
sation coefficient updating processing to be executed at the
distortion compensation coefficient updating unit 324, pro-
cessing described in the Specific and drawings of a prior
application (Japanese Patent Application No. 2010-236432)
by the present patent applicant can be employed.

Note that the distortion compensation apparatus 302 can be
realized with a digital signal processing device such as
FPGA, ASIC, or the like, or a processor such as a DSP or the
like, for example. Also, the distortion compensation appara-
tus 302 may be realized as a single device, or may be realized
as a combination of multiple devices each having a part of the
function of the distortion compensation apparatus 302. Also,
the respective LUT included in the distortion compensation
apparatus 302 may be realized with a storage device such as
independent RAM or the like.

1-2. Configuration Example of Pre-Distortion Signal Gen-
erating Unit 322

FIG. 4 is a diagram illustrating an example of the internal
configuration of the pre-distortion signal generating unit 322.
FIG. 5 is a diagram for describing distortion compensation
coefficient correction processing at the pre-distortion signal
generating unit 322. Hereafter, description will be made
regarding a configuration example of the pre-distortion signal
generating unit 322 using FIGS. 4 and 5.

Asillustrated in FIG. 4, the pre-distortion signal generating
unit 322 includes a distortion compensation coefficient sup-
plying unit 450, a distortion compensation processing unit
460, and an offset correction processing unit 470.

The distortion compensation coefficient supplying unit
450 includes an address generating unit 402, a delay unit 404,
a LUTa (look up table) 406, a LUTb 408, a LUTc 410, and a
LUTd 412. The distortion compensation processing unit 460
includes adders 414 and 416, multipliers 418 and 420, and a
delay unit 422, and an adder 424.

The look up tables LUTa 406 through L.UTd 412 are dis-
tortion compensation coefficient storage units which store a
distortion compensation coefficient, and are RAM, for
example. The LUTa 406 through LUTd 412 store multiple
distortion compensation coefficients ha(p(t)) through hd(p(t))
in an address correlated with the power value p(t) of the
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transmission signal Tx(t) respectively. Each LUT correlates
the address of each LUT with the power value p(t) of the
transmission signal Tx(t) in a one-on-one manner, for
example, and the higher the power value p(t) of the transmis-
sion signal Tx(t) is, stores the corresponding distortion com-
pensation coefficient h(p(t)) in an address having a greater
value.

The offset correction processing unit 470 includes an offset
control unit 432, compensation value storage units 436 and
440, and offset compensation units 438 and 442. The offset
control unit 432 includes a mean value calculating unit 434.

With the offset correction processing unit 470, the offset
control unit 432 individually executes the following offset
amount calculation processing and offset correction process-
ing regarding each of the LUTa 406 through LUTd 412.

The offset control unit 432 selects a LUT to be processed
out of the L.UTa 406 through LUTd 412. At the selected LUT
for processing, the offset control unit 432 reads out all of the
distortion compensation coefficients h(p,) from an address A,
within the region of an address where the distortion compen-
sation coefficient to be corrected is stored.

As illustrated in FIG. 5, the mean value calculating unit 434
performs addition averaging operation indicated with the fol-
lowing Expression 1 regarding all of the read distortion com-
pensation coefficients h(p,) to calculate a mean value. The
offset control unit 432 calculates the mean value of the dis-
tortion compensation coefficients using the mean value cal-
culating unit 434, thereby performing calculation processing
of offset amount LUTofst_x (x is any of a through d) of the
distortion compensation coefficient as to a LUT_x to be pro-
cessed.

adrsMax

[Expression 1]
h(p:)

Aj=adrsMin

LUTofst x=
N

Here, with Expression 1, LUTofst_x is the offset amount of
the distortion compensation coefficient within the LUT_x,
adrsMax is the maximum value of the address to be corrected,
adrsMin is the minimum value of the address to be corrected,
h(p,) is a distortion compensation coefficient stored in the
address A, of the LUT_x, and N is the number of addresses
from the address minimum value adrsMin to maximum value
adrsMax to be corrected.

Note that the distortion compensation coefficient h(p(t)) is
expressed with a complex number, and accordingly, the
above-mentioned offset amount calculation processing is
individually executed as to each of the real portion (I-channel
component) and imaginary portion (Q-channel component)
of a distortion compensation coefficient. Also, this can simi-
larly be applied to later-described processing such as offset
correction value setting processing, offset correction process-
ing, offset compensation value updating processing, offset
compensation processing, and so forth, and processing such
as distortion compensation processing, distortion compensa-
tion coefficient updating processing, and so forth.

The offset control unit 432 performs the setting processing
of the offset correction value Ofst_x as to the LUT_x to be
processed based on the calculated offset amount LUTofst_x.
The offset control unit 432 changes the offset correction value
Ofst_x to a different value according to whether the calcu-
lated offset amount L.UTofst_x is a positive value or negative
value. The details of the offset correction value setting pro-
cessing will be described later.
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The offset control unit 432 performs offset correction pro-
cessing as to all of the distortion compensation coefficients
stored within the address region to be corrected based on the
set offset correction value Ofst_x at the LUT_x to be pro-
cessed. The offset control unit 432 performs, as illustrated in
FIG. 5 for example, the correction processing of the offset of
each distortion compensation coefficient based on the set
offset correction value Ofst_x so as reduce the magnitude
(absolute value) of the offset amount of each distortion com-
pensation coefficient stored in the LUT to be processed. The
offset control unit 432 writes the distortion compensation
coefficient subjected to the offset compensation processing in
the address corresponding to the LUT_x to be processed,
thereby correcting the offset of the distortion compensation
coefficient within the LUT to be processed. The details of the
offset correction processing will be described later.

According to repeating the above-mentioned processing
regarding the [LUTa 406 through LUTd 412, the offset control
unit 432 calculates offset amount LUTofst_a through offset
amount LUTofst_d as to the LUTa 406 through LUTd 412,
performs processing for setting offset correction values
Ofst_a through Ofst_d, and also performs the offset correc-
tion processing as to each of the LUTa 406 through LUTd
412.

The offset control unit 432 performs updating processing
of the offset compensation values within the compensation
value storage unit 436 based on the calculated offset amount
LUTofst_a and offset amount LUTofst_b. The offset control
unit 432 calculates the updated value of an offset compensa-
tion value Ofst_m1 based on the offset amount LUTofst_a
and offset amount LUTofst_b, and stores the calculated
updated value of the offset compensation value Ofst_m1 in
the compensation value storage unit 436. The offset compen-
sation value Ofst_m1 corresponds to a value obtained by
accumulatively adding a difference value (offset correction
value) between distortion compensation coefficients before
and after the above offset correction processing at the LUTa
406, and a difference value (offset correction value) between
distortion compensation coefficients before and after the
above offset correction processing at the LUTb 408. The
details of the updating processing of an offset compensation
value will be described later.

Similarly, the offset control unit 432 performs updating
processing of the offset compensation values within the com-
pensation value storage unit 440 based on the calculated
offset amount LUTofst_c¢ and offset amount LUTofst_d. The
offset control unit 432 calculates the updated value of an
offset compensation value Ofst_m2 based on the offset
amount LUTofst_c and offset amount LUTofst_d, and stores
the calculated updated value of the offset compensation value
Ofst_m2 in the compensation value storage unit 440. The
offset compensation value Ofst_m?2 corresponds to a value
obtained by accumulatively adding a difference value (offset
correction value) between distortion compensation coeffi-
cients before and after the above offset correction processing
at the LUTc 410, and a difference value (offset correction
value) between distortion compensation coefficients before
and after the above offset correction processing at the LUTd
412.

With the distortion compensation coefficient supplying
unit 450, the address generating unit 402 receives the trans-
mission signal Tx(t), generates an address Adrs(Tx(t)) corre-
sponding to the power value p(t) of the transmission signal
Tx(t). For example, the address generating unit 402 correlates
the power value p(t) of the transmission signal Tx(t) with the
address Adrs(Tx(t)) in a one-on-one manner, and the higher
the power value p(t) of the transmission signal Tx(t) is, gen-
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10
erates an address Adrs(Tx(t)) having a greater value. The
generated address Adrs(Tx(t)) is supplied to the LUTa 406
and LUTc 410.

The delay unit 404 receives the address Adrs(Tx(t)) gen-
erated by the address generating unit 402. The delay unit 404
outputs the received address Adrs(Tx(t)) by delaying the out-
put of the received address Adrs(Tx(t)) by time equivalent to
the previous reference point-in-time, thereby generating an
address Adrs(Tx(t-1)) corresponding to the power value p(t—
1) of the transmission signal Tx(t-1) at the previous reference
point-in-time t-1. The generated address Adrs(Tx(t-1)) is
supplied to the LUTb 408 and LUTd 412.

The LUTa 406 receives the address Adrs(Tx(t)), and reads
out the corresponding distortion compensation coefficient
ha(p(t)) output from the received address Adrs(Tx(t)). The
LUTa 406 outputs the read distortion compensation coeffi-
cient ha(p(t)) to the adder 414. The distortion compensation
coefficient ha(p(t)) from the LUTa 406 is a distortion com-
pensation coefficient after the offset correction processing by
the offset control unit 432. Also, similarly, the LUTc 410
receives the address Adrs(Tx(t)), and outputs the correspond-
ing distortion compensation coefficient he(p(t)) to the adder
416. The distortion compensation coefficient he(p(t)) output
from the LUTc 410 is a distortion compensation coefficient
after the offset correction processing.

The LUTb 408 receives the address Adrs(Tx(t-1)), and
reads out the corresponding distortion compensation coeffi-
cient hb(p(t-1)) from the received address Adrs(Tx(t-1)).
The LUTb 408 outputs the read distortion compensation
coefficient hb(p(t-1)) to the adder 414. The distortion com-
pensation coefficient hb(p(t)) output from the LUTDb 408 is a
distortion compensation coefficient after the offset correction
processing by the offset control unit 432. Also, similarly, the
LUTd 412 receives the address Adrs(Tx(t-1)), and outputs
the corresponding distortion compensation coefficient hd(p
(t=1)) to the adder 416. The distortion compensation coeffi-
cient hd(p(t)) output from the LUTd 412 is a distortion com-
pensation coefficient after the offset correction processing.

With the distortion compensation processing unit 460, the
adder 414 receives the distortion compensation coefficients
ha(p(t)) and hb(p(t-1)) from the LUTa 406 and LUTb 408.
The adder 414 performs synthesis by adding the distortion
compensation coefficients ha(p(t)) and hb(p(t-1)) to generate
a post-synthesis coefficient h1(p(¢)). The adder 414 outputs
the post-synthesis coefficient h1(p(?)) to the offset compen-
sation unit 438.

El(p@)=halp@)+hb(p(1-1))

Similarly, the adder 416 receives the distortion compensa-
tion coefficients he(p(t)) and hd(p(t-1)) from the LUTc 410
and LUTd 412. The adder 416 performs synthesis by adding
the distortion compensation coefficients he(p(t)) and hd(p(t-
1)) to generate a post-synthesis coefficienth2(p(¢)). The adder
416 outputs the post-synthesis coefficient h2(p(#)) to the oft-
set compensation unit 442.

R2p@)=help®)+hd(p(--1))

The offset compensation unit 438 receives the post-synthe-
sis coefficient h1(p(¢)) from the adder 414, and also receives
the offset compensation value Ofst_m1 from the compensa-
tion value storage unit 436. The offset compensation unit 438
adds the offset compensation value Ofst_m1 to the received
post-synthesis coefficient h1(p(?)), thereby performing offset
compensation processing as to the post-synthesis coefficient
h1(p(?)) to generate a post-offset-compensation coefficient
h3(p(@)).

B3(p(0)=h1(p(£)+Ofst_m1
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The offset compensation unit 438 outputs the generated
post-offset-compensation coefficient h3(p(?)) to the multi-
plier 418. The post-offset-compensation coefficient h3(p(?))
corresponds to a value obtained by adding the distortion
compensation coefficient in the case that the offset correction
processing by the offset control unit 432 has not been per-
formed at the LUTa 406, and the distortion compensation
coefficient in the case that the offset correction processing has
not been performed at the LUTb 408, and is an additional
value in the case that the offset correction processing has not
been performed using the offset compensation value Ofst_m1
generated in a pseudo manner.

The offset compensation unit 442 receives the post-synthe-
sis coefficient h2(p(¢)) from the adder 416, and also receives
the offset compensation value Ofst_m2 from the compensa-
tion value storage unit 440. The offset compensation unit 442
adds the offset compensation value Ofst_m?2 to the received
post-synthesis coefficient h2(p(?)), thereby performing offset
compensation processing as to the post-synthesis coefficient
h2(p(7)) to generate a post-offset-compensation coefficient

hd(p(?)).
BA(p®)=h2(p(D)+Ofst_m2

The offset compensation unit 442 outputs the generated
post-offset-compensation coefficient hd(p(?)) to the multi-
plier 420. The post-offset-compensation coefficient h4(p(?))
corresponds to a value obtained by adding the distortion
compensation coefficient in the case that the offset correction
processing by the offset control unit 432 has not been per-
formed at the LUTc 410, and the distortion compensation
coefficient in the case that the offset correction processing has
not been performed at the LUTd 412, and is an additional
value in the case that the offset correction processing has not
been performed using the offset compensation value Ofst_m2
generated in a pseudo manner.

The multiplier 418 receives the transmission signal Tx(t),
and also receives the post-offset-compensation coefficient
h3(p(7)) from the offset compensation unit 438. The multi-
plier 418 multiplies the transmission signal Tx(t) and post-
offset-compensation coefficient h3(p(?)) to generate a trans-
mission signal Tx1(¢). The multiplier 418 outputs the
generated transmission signal Tx1(¢) to the adder 424.

TxL(O=Tx()xH3(p(8))

The delay unit 422 outputs the transmission signal Tx(t) by
delaying the output of the transmission signal Tx(t) by time
equivalent to the previous reference point-in-time, thereby
generating a transmission signal Tx(t-1)) at the previous
reference point-in-time t-1. The delay unit 422 outputs the
generated transmission signal Tx(t-1) to the multiplier 420.

The multiplier 420 receives the transmission signal Tx(t—
1) from the delay unit 422, and also receives the post-offset-
compensation coefficient hd(p(¢)) from the offset compensa-
tion unit 442. The multiplier 420 multiplies the transmission
signal Tx(t-1) and post-offset-compensation coefficient hd(p
(1)) to generate a transmission signal Tx2(z-1). The multiplier
420 outputs the generated transmission signal Tx2(z-1) to the
adder 424.

Tx2(t-1)=Tx(-1)xh4(p(?)

The adder 424 adds the transmission signals Tx1(¢) and
Tx2(#-1), thereby generating a pre-distortion signal PD(t).
The pre-distortion signal PD(t) is a transmission signal after
the transmission signal Tx(t) input to the distortion compen-
sation apparatus 302 is subjected to distortion compensation
processing.

PD(0)=Tx1(1)+Tx2(t-1)
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As described above, with the multi-LUT-type distortion
compensation apparatus 302, a delay term is generated by the
delay units 404 and 422 as to the transmission signal Tx(t),
thereby reflecting the information of the transmission signal
Tx(t-1) at the previous reference point-in-time t-1 on the
distortion compensation processing as to the transmission
signal Tx(t), and accordingly, distortion due to memory effect
of the power amplifier can be compensated in addition to
nonlinear distortion of the power amplifier.

Also, with the pre-distortion signal generating unit 322 of
the distortion compensation apparatus 302, the offset amount
of the distortion compensation coefficient is calculated at
each of'the look up tables LUTa 406 through LUTd 412, and
the offset correction processing of each distortion compensa-
tion coefficient based on the calculated offset amount so as to
reduce the offset amount of the distortion compensation coef-
ficient. Accordingly, at each LUT, even in the event of updat-
ing of'the distortion compensation coefficient advancing, the
offset of the distortion compensation coefficient monoto-
nously increases or decreases in one direction. As a result
thereof, the distortion compensation coefficient can be sup-
pressed from being clipped to the upper limit or lower limit of
the coefficient setting range. Accordingly, with the distortion
compensation apparatus 302, the distortion compensation
performance can be suppressed from deteriorating.

Further, with the distortion compensation apparatus 302,
according to the offset compensation units 438 and 442, a
distortion compensation coefficient in the case that the offset
correction processing at each LUT has not been performed is
generated in a pseudo manner, and the distortion compensa-
tion processing of the transmission signal Tx(t) is performed
based on the distortion compensation coefficient before the
offset correction processing generated in a pseudo manner.
Thus, with the distortion compensation apparatus 302, even
in the event that the value of the distortion compensation
coefficient stored in each LUT has been corrected by the
offset correction processing, suitable distortion compensa-
tion processing can be performed using the distortion com-
pensation coefficient generated in a pseudo manner, and the
precision of the distortion compensation processing can be
maintained.

1-3. Example of Correction and Updating Operation of
Distortion Compensation Coefficient at Distortion Compen-
sation Apparatus 302

FIG. 6 is a diagram illustrating an example of a flowchart of
distortion compensation coefficient correction and updating
processing at the distortion compensation apparatus 302.
Hereafter, description will be made regarding the distortion
compensation coefficient correction and updating processing
that the distortion compensation apparatus 302 executes,
using the flowchart in FIG. 6. Note that, with the flowchart in
FIG. 6, a numeric expression relating to the processing of the
corresponding step is indicated in a portion surrounded by a
dotted line.

First, in step S602, the distortion compensation apparatus
302 starts correction and updating processing of a series of
distortion compensation coefficients.

Next, in step S604, the offset control unit 432 of the offset
correction processing unit 470 sets parameters used for later-
described offset correction value setting processing 660, oft-
set compensation value updating processing 670, and offset
correction processing 680 as initial setting. Examples of the
parameters to be set include the offset correction unit Ofst_u
to be used for the offset correction value setting processing,
the address minimum value adrsMin and maximum value
adrsMax within each LUT where a distortion compensation
coefficient to be corrected in the offset correction processing
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is stored, and offset compensation values Ofst_ml and
Ofst_m?2 to be stored in the compensation value storage units
436 and 440 in the offset compensation value updating pro-
cessing.

Though not particularly restricted, a certain positive value
u,, is set as the offset correction unit Ofst_u, and O (zero) is set
as the offset compensation values Ofst_m1 and Ofst_m2.

Ofst_u=u,

Ofst_m1=0, Ofst_m2=0

Also, though not particularly be restricted, the minimum
value A,,,,, and maximum value A, . of addresses where a
correction coefficient is stored in the respective LUT are set as
the address minimum value adrsMin and maximum value

adrsMax to be corrected, respectively.

adrsMin=4

min
adrsMax=4,,,,

Next, in step S606, the offset control unit 431 selects one
LUT to be processed out of the .UTa 406 through .LUTd 412.
The offset control unit 432 cyclically selects the correspond-
ing LUT in the sequence of LUTa 406, LUTbH 408, LUTc 410,
LUTd 412, LUTa 406, LUTb 408, and so on, for example.

Next, in step S608, the offset control unit 432 reads out the
distortion compensation coefficient h(p,) from the LUT to be
processed selected in step S606. At this time, the offset con-
trolunit 432 reads out the distortion compensation coefficient
h(p,) from all of the addresses in a range from the address
minimum value adrsMin to maximum value adrsMax.

Next, in step S610, the offset control unit 432 performs the
addition averaging operation indicated in the above Expres-
sion 1 regarding all of the distortion compensation coefficient
h(p(t)) read out in step S608. According to this addition
averaging operation, the offset control unit 432 performs
processing for calculating the offset amount LUTofst_x of the
distortion compensation coefficient as to the LUTx to be
processed (x is any of a through d).

Note that the distortion compensation coefficient h(p) is
expressed with a complex number, and accordingly, the
above-mentioned offset amount calculation processing is
individually executed as to each of the real portion (I-channel
component) and imaginary portion (Q-channel component)
of a distortion compensation coefficient. Also, this can simi-
larly be applied to later-described processing such as offset
correction value setting processing, offset correction process-
ing, offset compensation value updating processing, and so
forth, which will be executed in later-described steps.

Next, in step S612, the offset control unit 432 determines
whether the calculated offset amount LUTofst_x is 0 (zero), a
positive value, or a negative value.

When determining that the offset amount LUTofst_x is a
positive value (LUTofst_x>0), the offset control unit 432
performs processing for setting the offset correction value
Ofst_x as to the LUTx to be processed using the offset cor-
rection unit Ofst_u as follows. Specifically, the offset control
unit 432 sets the certain positive value u, as the offset correc-
tion value.

Ofst_x=+0fst__u=+u,

When determining that the offset amount LUTofst_x is a
negative value (LUTofst_x<0), the offset control unit 432
performs processing for setting the offset correction value
Ofst_x as to the LUTx to be processed using the offset cor-
rection unit Ofst_u as follows. Specifically, the offset control
unit 432 sets the certain negative value u,, as the offset cor-
rection value.
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Ofst_x=—0fst_u=-u,

When determining that the offset amount [LUTofst_x is O
(zero) (LUTofst_x=0), the offset control unit 432 performs
processing for setting the offset correction value Ofst_x as to
the LUTX to be processed as follows. Specifically, the offset
control unit 432 sets the offset correction value to 0 (zero).

Ofst_x=0

According to the above steps S608 through S612, the offset
amount calculation processing 650 and offset correction
value setting processing 660 are performed at the offset cor-
rection processing unit 470.

Next, in step S614, the offset control unit 432 reads out the
offset correction values Ofst_m1 and Ofst_m2 from the com-
pensation value storage unit 436 or 440, and sets the read
offset correction value as the updated value Ofst_m of the
offset correction value.

Here, in the event that the LUT to be processed selected in
step S606 is the LUTa or LUTb, the offset control unit 432
reads out the offset compensation value Ofst_m1 stored in the
compensation value storage unit 436, and sets the read offset
compensation value Ofst_m1 as the updated value Ofst_m.

Ofst__m=0fst_m1

Also, in the event that the selected LUT to be processed is
the LUTc or LUTAd, the offset control unit 432 reads out the
offset compensation value Ofst_m?2 stored in the compensa-
tion value storage unit 440, and sets the read offset compen-
sation value Ofst_m?2 as the updated value Ofst_m.

Ofst__m=0fst_m2

Next, in step S616, the offset control unit 432 adds the
offset correction value Ofst_x set in step S612 to the updated
value Ofst_m set in step S614, and calculates the additional
value as a new updated value Ofst_m.

Ofst__m=0fst_m+Ofst_x

Next, in step S618, the offset control unit 432 stores the
updated value Ofst_m of the offset compensation value cal-
culated in step S616 in the compensation value storage unit
436 or 440, and updates the offset compensation value
Ofst_m1 or Ofst_m2 within the compensation value storage
unit 436 or 440.

Here, in the event that the LUT to be processed selected in
step S606 is the LUTa or LUTb, the offset control unit 432
stores the updated value Ofst_m of the offset compensation
value inthe compensation value storage unit 436, and updates
the offset compensation value Ofst_m1 within the compen-
sation value storage unit 436.

Also, in the event that the LUT to be processed selected in
step S606 is the LUTc or LUTd, the offset control unit 432
stores the updated value Ofst_m of the offset compensation
value in the compensation value storage unit 440, and updates
the offset compensation value Ofst_m2 within the compen-
sation value storage unit 440.

According to the above steps S614 through S618, the offset
compensation value updating processing 670 is performed at
the offset correction processing unit 470.

Next, in step S620, the offset control unit 432 specifies the
address minimum value adrsMin to be corrected (=A,,,,,) set
in step S604 to the value of the address A, to be accessed
within the LUT to be processed selected in step S606. An
address to be accessed within the LUT to be processed cor-
responds to the address where the distortion compensation
coefficient to be subjected to the offset correction processing
is stored.

A~adrsMin=4

min
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Next, in step S622, the offset control unit 432 determines
whether or not the value of the specified address A, to be
accessed is equal to or smaller than the address maximum
value adrsMax to be corrected set in step S604. In the event
that the specified address A, to be accessed is equal to or
smaller than the maximum value adrsMax, the processing
proceeds to step S624. In the event that the specified address
is greater than the maximum value adrsMax, the processing
proceeds to step S628.

Next, in step S624, the offset control unit 432 reads out the
corresponding distortion compensation coefficient h(p,) from
the address A, to be accessed, specified within the LUT to be
processed. The offset control unit 432 subtracts the offset
correction value Ofst_x set in step S612 from the read distor-
tion compensation coefficient h(p,) to calculate the subtrac-
tion value as the value of the distortion compensation coeffi-
cient h(p,) after correction. The offset control unit 432 writes
the calculated distortion compensation coefficient h(p,) after
correction in the address A, to be accessed and processed,
thereby correcting the distortion compensation coefficient

hp,).
h(p)=h(p)-Ofst_x

Next, in step S626, the offset control unit 432 increments
the value of the address A, within the LUT to be processed by
one for example, thereby specifying the value of an address
that has a greater value next to the current address, and can be
specified as an address value to be accessed, as the value of the
next address to be accessed within the LUT to be processed.
After the value of the next address A, is specified, the pro-
cessing returns to step S622.

A=Ap+1

Next, in step S628, the offset control unit 432 stores the
distortion compensation coefficient h(p,) after correction cal-
culated in step S624 in the address A, of the LUT to be
processed regarding all of the addresses in a range from the
address minimum value adrsMin to the maximum adrsMax,
and corrects the value of the distortion compensation coeffi-
cient in the address A,. Thus, all of the distortion compensa-
tion coeflicients to be corrected within the LUT to be pro-
cessed are subjected to the offset correction processing.

According to the above steps S620 through S628, the offset
correction processing 680 is performed at the offset correc-
tion processing unit 470.

A series of processing performed by the above steps S604
through S628 is distortion compensation coefficient correc-
tion processing that the distortion compensation apparatus
302 executes.

Next, in step S630, the distortion compensation coefficient
updating unit 324 receives the distortion compensation coef-
ficienth(p(t)) from the multiple LUT within the pre-distortion
signal generating unit 322. The distortion compensation coef-
ficient that the distortion compensation coefficient updating
unit 324 receives is a coefficient subjected to the offset cor-
rection processing 680. The distortion compensation coeffi-
cient updating unit 324 further receives a feedback signal
Fb(t) from the ADC 316, and also receives the pre-distortion
signal PD(t) from the pre-distortion signal generating unit
322. The pre-distortion signal PD(t) is a signal generated
based on a distortion compensation coefficient subjected to
the offset compensation processing using the offset compen-
sation value updated by the offset compensation value updat-
ing processing 670.

In step S630, the distortion compensation coefficient
updating unit 324 calculates the updated value of the distor-
tion compensation coefficient as to each LUT based on the
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received distortion compensation coefficient h(p(t)), pre-dis-
tortion signal PD(t), and feedback signal Fb(t). Calculation of
the updated value of the distortion compensation coefficient
is as described above. With an address within each LUT
where the received distortion compensation coefficient is
stored, based on the calculated updated value, the distortion
compensation coefficient updating unit 324 updates the value
of the distortion compensation coefficient. After the distor-
tion compensation coefficient updating processing, the pro-
cessing returns to step S606.

In step S606, the offset control unit 432 selects another
LUT out of the LUTa 406 through [.LUTd 412 as the next LUT
to be processed. The offset control unit 432 performs the
processing in the above steps S608 through S628 regarding
the selected LUT to be processed to perform the offset
amount calculation processing 650, offset correction value
setting processing 660, offset compensation value updating
processing 670, and offset correction processing 680 respec-
tively.

As described above, with the distortion compensation
coefficient correction and updating processing illustrated in
FIG. 6, the offset amount of the distortion compensation
coefficient at each of'the LUTa 406 through [LUTd 412 can be
calculated by the offset amount calculation processing 650,
and the value of each distortion compensation coefficient can
be corrected by the offset correction processing 680 based on
the calculated offset amount so as to reduce the magnitude
(absolute value) of the offset amount thereof.

Thus, even in the event that the distortion compensation
coefficient updating processing has advanced at each LUT,
the offset of the distortion compensation coefficient can be
suppressed from monotonously increasing or decreasing in
one direction, and accordingly, the distortion compensation
performance can be suppressed by clipping the distortion
compensation coefficient to the upper limit or lower limit in
the coefficient setting range.

Further, with the distortion compensation coefficient cor-
rection and updating processing illustrated in FIG. 6, accord-
ing to the offset compensation value updating processing 670,
offset compensation values corresponding to the additional
value of the distortion compensation coefficients from the
LUTa and LUTb (the output value of the adder 414), and the
additional value of the distortion compensation coefficients
from the LUTc¢ and LUTd (the output value of the adder 416)
can be suitable set. Thus, a distortion compensation coeffi-
cient in the event that the offset correction processing at each
LUT has not been performed is generated in a pseudo manner,
and the distortion compensation processing of a transmission
signal can be performed based on the distortion compensation
coefficient generated in a pseudo manner before the offset
correction processing.

Accordingly, even in the event that the value of the distor-
tion compensation coefficient stored in each LUT has been
corrected by the offset correction processing 680, suitable
distortion compensation processing can be performed using
the distortion compensation coefficient generated in a pseudo
manner, and accordingly, the precision of the distortion com-
pensation processing can be maintained.

Further, with the distortion compensation coefficient cor-
rection and updating processing illustrated in FIG. 6, accord-
ing to the offset correction value setting processing 660, a
suitable value according to the offset amount calculated by
the offset amount calculation processing 650 can be set as the
offset correction value as to the distortion compensation coef-
ficient within each LUT. Thus, the offset amount of the dis-
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tortion compensation coefficient can be suitably controlled at
each LUT so as to reduce the magnitude (absolute value)
thereof.

Also, with the offset correction processing unit 680, the
offset of the distortion compensation coefficient within each
LUT is corrected independently from the distortion compen-
sation coefficient updating processing at the distortion com-
pensation coefficient updating unit 324, and accordingly, this
can be conceived to affect convergence of a distortion com-
pensation coefficient in the updating processing. However,
with the distortion compensation coefficient correction and
updating processing illustrated in FIG. 6, the value of the
offset correction unit Ofst_u used for the offset correction
value setting processing 660 is suitably adjusted, whereby the
offset correction processing 680 can suppress influence to be
applied to the convergence of a distortion compensation coef-
ficient small in the distortion compensation coefficient updat-
ing processing.

Accordingly, with the distortion compensation coefficient
correction and updating processing illustrated in FIG. 6, the
distortion compensation performance can be suppressed from
deterioration due to clipping of a distortion compensation
coefficient while maintaining the precision of the distortion
compensation processing.

Note that, with the above embodiment, an arrangement has
been made wherein the delay units are provided to the trans-
mission signal Tx(t) and address Adrs(Tx(t)) one ata step, and
one delay term is provided to each, but the present disclosure
is notrestricted to this. An arrangement may be made wherein
delay units are provided to the transmission signal Tx(t) and
address Adrs(Tx(t))1steps and j steps respectively, and i delay
terms and j delay terms are provided thereto respectively
(however, 1and j are integers equal to one or greater than one).

2. Second Embodiment

Hereafter, description will be made regarding a wireless
communication device and a distortion compensation appa-
ratus, according to a second embodiment.

2-1. Configuration Example of Pre-Distortion Signal Gen-
erating Unit 722

Though the configuration of a wireless communication
device 700 according to the second embodiment differs from
the configuration of the wireless communication device 300
illustrated in FIG. 3 in that a distortion compensation appa-
ratus 702 and a pre-distortion signal generating unit 722 are
provided instead of the distortion compensation apparatus
302 and pre-distortion signal generating unit 322, portions
other than those are the same. Accordingly, with regard to the
configuration of the wireless communication apparatus 700,
drawing thereof is omitted.

FIG. 7 is a diagram illustrating an example of the internal
configuration of the pre-distortion signal generating unit 722.
Though the internal configuration of the pre-distortion signal
generating unit 722 differs from the internal configuration of
the pre-distortion signal generating unit 322 illustrated in
FIG. 4 in that an offset control unit 732 and an offset correc-
tion processing unit 770 are provided instead of the offset
control unit 432 and offset correction processing unit 470,
portions other than those are the same. In FIG. 7, the same or
corresponding portions are denoted with the same reference
numerals as with the pre-distortion signal generating unit 322
illustrated in FIG. 4.

Asillustrated in FIG. 7, the pre-distortion signal generating
unit 722 includes a distortion compensation coefficient sup-
plying unit 450, a distortion compensation processing unit
460, and an offset correction processing unit 770. The offset
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correction processing unit 770 includes an offset control unit
732, compensation value storage units 436 and 440, and
offset compensation units 438 and 442. The offset control unit
732 includes a mean value calculating unit 434 in the same
way as with the offset control unit 432.

With the offset correction processing unit 770, the offset
control unit 732 executes the following offset amount calcu-
lation processing, offset amount determination processing,
and offset correction processing individually regarding each
of'the LUTa 406 through LUTd 412.

The offset control unit 732 selects a LUT to be processed
out of the LUTa 406 through LUTd 412. The offset control
unit 432 reads out the distortion compensation coefficient
h(p,) from all of the addresses A, where a distortion compen-
sation coefficient to be corrected is stored, within the LUT
selected to be processed.

The mean value calculating unit 434 of the offset control
unit 732 performs the addition averaging operation indicated
with the above Expression 1 regarding all of the read distor-
tion compensation coefficients h(p,). The offset control unit
732 calculates a mean value using the mean value calculating
unit 434, thereby performing the calculation processing of the
offset amount LUTofst of the distortion compensation coef-
ficients as to the LUT to be processed.

The offset control unit 732 performs determination pro-
cessing of the offset amount LUTofst prior to the offset cor-
rection value setting processing by determining whether or
not the calculated offset amount LUTofst of the distortion
compensation coefficients is a value within a predetermined
range.

When determining that the calculated offset amount
LUTofst is a value within a predetermined range, the offset
control unit 732 does not perform the offset correction pro-
cessing as to the distortion compensation coefficients of the
LUT to be processed. On the other hand, when determining
that the calculated offset amount LUTofst is a value out of a
predetermined range (is not a value within a predetermined
range), the offset control unit 732 executes the offset correc-
tion processing as to the distortion compensation coefficients
of'the LUT to be processed.

Accordingly, with the distortion compensation apparatus
702, the offset control unit 732 can be controlled so that when
the magnitude (absolute value) of the calculated offset
amount is smaller than a certain threshold, and necessity to
perform offset correction processing of the distortion com-
pensation coefficient at each LUT is low, the offset correction
processing is not performed, and when the magnitude (abso-
lute value) of the calculated offset amount is greater than a
certain threshold, and necessity to perform offset correction
processing of the distortion compensation coefficient at each
LUT is high, the offset correction processing is selectively
executed, and accordingly, the offset correction processing
can more effectively be performed at the offset control unit
732.

Accordingly, with the distortion compensation apparatus
702, the power consumption of the offset correction process-
ing unit 770 and distortion compensation coefficient supply-
ing unit 450 can be reduced.

2-2. Example of Distortion Compensation Coefficient Cor-
rection and Updating Operation at Distortion Compensation
Apparatus 702

FIG. 8 is a diagram illustrating an example of a flowchart of
distortion compensation coefficient correction and updating
processing at the distortion compensation apparatus 702
according to the second embodiment. With the flowchart of
the distortion compensation coefficient correction and updat-
ing processing illustrated in FIG. 8, the same or correspond-
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ing steps are denoted with the same reference numerals as
with the steps of the flowchart illustrated in FIG. 6. Hereafter,
description will be made regarding the distortion compensa-
tion coefficient correction and updating processing that the
distortion compensation apparatus 702 executes, with refer-
ence to the flowchart in FIG. 8. Note that, with the flowchart
in FIG. 8, a numeric expression relating to the processing in
the corresponding step is indicated in a portion surrounded
with a dotted line.

First, in step S602, the distortion compensation apparatus
702 starts a series of the distortion compensation coefficient
correction and updating processing.

Next, in step S804, the offset control unit 732 sets param-
eters used for later-described offset amount determination
processing 855 and offset correction value setting processing
860, offset compensation value updating processing 670, and
offset correction processing 680 as initial setting. Examples
of the parameters to be set include the offset correction unit
Ofst_u to be used for the offset correction value setting pro-
cessing, the address minimum value adrsMin and maximum
value adrsMax within each LUT where a distortion compen-
sation coefficient to be corrected in the offset correction pro-
cessing is stored, offset compensation values Ofst_m1 and
Ofst_m?2 to be stored in the compensation value storage units
436 and 440 in the offset compensation value updating pro-
cessing, and an offset amount determining threshold Ofst_th
for determining the range of the offset amount serving as a
determination reference in the offset amount determination
processing.

Though not particularly restricted, a certain positive value
u,, is set as the offset correction unit Ofst_u, and O (zero) is set
as the offset compensation values Ofst_m1 and Ofst_m2.

Ofst_u=u,

Ofst_m1=0, Ofst_m2=0

Also, though not particularly restricted, the minimum
value A,,,,, and maximum value A, . of addresses where a
correction coefficient is stored in the respective LUT are set as
the address minimum value adrsMin and maximum value

adrsMax to be corrected, respectively.

adrsMin=4,,.,

adrsMax=4,,

Also, though not particularly restricted, a certain positive
value th, is set as the offset amount determining threshold
Ofst_th.

Ofst_th=th,

Next, according to the steps S606 through S610, an LUT to
be processed is selected, and the calculation processing 650
of the offset amount LUTofst_x as to the selected LUTx to be
processed is performed (x is any of a through d). The details
of'the processing performed in steps S606 through S610 is as
described in the flowchart in FIG. 6.

Next, in step S811, the offset control unit 732 determines
whether or not the calculated offset amount LUTOfst_x is a
value within a range determined by the offset determining
threshold Ofst_th set in step S804, i.e., whether or not the
following Expression 2 is satisfied

-Ofst_ th<LUTOfst_x=<+Ofst_ th Expression 2

(—tho=LUTOfst_x+th,)

In the event that the offset control unit 732 has determined
in step S811 that the calculated offset amount LUTofst_xis a
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value within the range indicated by the above Expression 2,
the processing proceeds to step S813.

In step S813, the offset control unit 732 sets O (zero) as the
offset correction value Ofst_x as to the LUTx to be processed.
After setting the offset correction value, the processing pro-
ceeds to step S630.

Ofst_x=0

Specifically, when determining that the offset amount
LUTofst_x is a value within the range indicated by the above
Expression 2, the offset control unit 732 performs the distor-
tion compensation coefficient updating processing in step
S630 without executing the offset compensation value updat-
ing processing 670 nor offset correction processing 680.

On the other hand, in the event that the offset control unit
732 has determined in step S811 that the calculated offset
amount LUTofst_x is a value out of the range indicated by the
above Expression 2 (is not a value within the range indicated
by the above Expression 2), the processing proceeds to step
S812.

In step S812, when determining that the offset amount
LUTofst_x is a value greater than the upper limit +Ofst_th
(=+th,), the offset control unit 732 performs processing for
setting a value other than 0 (zero) as the offset correction
value Ofst_x as to the LUTx to be processed using the offset
correction unit Ofst_u as follows. That is to say, the offset
control unit 432 sets a certain positive value u, as the offset
correction value.

Ofst__x=+0fst__u=+u,

When determining in step S812 that the offset amount
LUTofst_x is a value smaller than the lower limit —Ofst_th
(=-th,), the offset control unit 732 performs processing for
setting a value other than 0 (zero) as the offset correction
value Ofst_x as to the LUTx to be processed using the offset
correction unit Ofst_u as follows. That is to say, the offset
control unit 432 sets a certain negative value —u,, as the offset
correction value.

Ofst_x=—0fst__u=-u,

After setting the offset correction value in step S812, the
processing proceeds to step S614.

According to the above steps S811 through S813, the offset
amount determination processing 855 and offset correction
value setting processing 860 are performed at the offset cor-
rection processing unit 770.

Next, according to steps S614 through S628, the offset
compensation value updating processing 670 and offset cor-
rection processing 680 are performed as to the LUTx to be
processed (x is any of a through d). The details of the pro-
cessing performed in steps S614 through S628 are as
described above in the flowchart in FIG. 6.

A series of processing performed by the above steps S604
through S628 and S811 through S813 is the distortion com-
pensation coefficient correction processing that the distortion
compensation apparatus 702 executes.

Also, in step S630, the distortion compensation coefficient
updating unit 324 performs the distortion compensation coef-
ficient updating processing as to each LUT. The distortion
compensation coefficient updating processing is as described
in the flowchart in FIG. 6. After the distortion compensation
coefficient updating processing, the processing returns to step
S606.

As described above, with the distortion compensation
coefficient correction and updating processing illustrated in
FIG. 8, in the same way as with the distortion compensation
coefficient correction and updating processing illustrated in
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FIG. 6, according to the offset amount calculation processing
650 and offset correction processing 680, a distortion com-
pensation coefficient is clipped to the upper limit or lower
limit of the coefficient setting range, whereby the distortion
compensation performance can be suppressed from deterio-
ration. Further, according to the offset compensation value
updating processing 670, even in the event that the value of
the distortion compensation coefficient stored in each LUT is
corrected by the offset correction processing 680, suitable
distortion compensation processing can be performed using a
distortion compensation coefficient generated in a pseudo
manner.

Further, with the distortion compensation coefficient cor-
rection and updating processing illustrated in FIG. 8, in the
same way as with the distortion compensation coefficient
correction and updating processing illustrated in FIG. 6,
according to the offset correction value setting processing
860, a suitable value according to the calculated offset
amount can be set as the offset correction value of a distortion
compensation coefficient, and also the value of the offset
correction unit Ofst_u is suitably adjusted, whereby the influ-
ence of the offset correction processing 680 to be applied to
the convergence of a distortion compensation coefficient in
the distortion compensation coefficient updating processing
can be suppressed small.

In addition, with the distortion compensation coefficient
correction and updating processing illustrated in FIG. 8,
according to the offset amount determination processing 855,
determination is made whether or not the calculated offset
amount is a value within a predetermined range, whereby
whether to execute the offset correction processing 680 and
offset compensation value updating processing 670 can selec-
tively be controlled according to the determination result
thereof.

Thus, the offset control unit 732 can be controlled so that
when the magnitude (absolute value) of the calculated offset
amount is smaller than a certain threshold, and necessity to
perform the offset correction processing of the distortion
compensation coefficient at each LUT is low, the offset cor-
rection processing 680 and offset compensation value updat-
ing processing 670 are not executed, and when the magnitude
(absolute value) of the calculated offset amount is greater
than a certain threshold, and necessity to perform the offset
correction processing of the distortion compensation coeffi-
cient at each LUT is high, the offset correction processing 680
and offset compensation value updating processing 670 are
selectively executed, and accordingly, each process can more
effectively be executed not only at the offset control unit 732
but also at the compensation value storage units 436 and 400
and each of the LUTa 406 through LUTd 412.

Accordingly, with the distortion compensation coefficient
correction and updating processing illustrated in FIG. 8, the
power consumption of the offset correction processing unit
770 and distortion compensation coefficient supplying unit
450 can be reduced, and the power consumption of the dis-
tortion compensation apparatus 702 can be reduced.

3. Third Embodiment

Hereafter, description will be made regarding a wireless
communication device and a distortion compensation appa-
ratus, according to a third embodiment.

3-1. Configuration Example of Pre-Distortion Signal Gen-
erating Unit 922

Though the configuration of a wireless communication
device 900 according to the third embodiment differs from
the configuration of the wireless communication device 300
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illustrated in FIG. 3 in that a distortion compensation appa-
ratus 902 and a pre-distortion signal generating unit 922 are
provided instead of the distortion compensation apparatus
302 and pre-distortion signal generating unit 322, portions
other than those are the same. Accordingly, with regard to the
configuration of the wireless communication apparatus 900,
drawing thereof is omitted.

FIG. 9 is a diagram illustrating an example of the internal
configuration of the pre-distortion signal generating unit 922.
Though the internal configuration of the pre-distortion signal
generating unit 922 differs from the internal configuration of
the pre-distortion signal generating unit 322 illustrated in
FIG. 4 in that an offset control unit 932 and an offset correc-
tion processing unit 970 are provided instead of the offset
control unit 432 and offset correction processing unit 470,
portions other than those are the same. In FIG. 9, the same or
corresponding portions are denoted with the same reference
numerals as with the pre-distortion signal generating unit 322
illustrated in FIG. 4.

As illustrated in FIG. 9, the pre-distortion signal generating
unit 922 includes a distortion compensation coefficient sup-
plying unit 450, a distortion compensation processing unit
460, and an offset correction processing unit 970. The offset
correction processing unit 970 includes an offset control unit
932, compensation value storage units 436 and 440, and
offset compensation units 438 and 442. The offset control unit
932 includes a mean value calculating unit 434 in the same
way as with the offset control unit 432, and also includes a
maximum power search unit 950 configured to search the
maximum power of the transmission signal Tx(t).

With the offset correction processing unit 970, the offset
control unit 932 executes processing for search the maximum
power of the transmission signal Tx(t) after a series of pro-
cessing, such as the offset amount calculation processing and
offset correction processing, are executed.

The maximum power search unit 950 of the offset control
unit 932 receives the transmission signal Tx(t), and calculates
the power value p(t) of the transmission signal Tx(t) based on
the amplitude of the received transmission signal Tx(t). The
maximum power search unit 950 monitors the power value
p(t) of the transmission signal Tx(t) for a certain period of
time, and determines a maximum power value p_spec out of
the power value p(t) obtained for the certain period of time
thereof.

The maximum power search unit 950 determines whether
or not the determined maximum power value p_spec is
greater than the current maximum power value p_max corre-
sponding to the current address maximum value adrsMax to
be corrected.

When determining that the determined maximum power
value p_spec is greater than the current maximum power
value p_max corresponding to the current address maximum
value adrsMax to be corrected (p_spec>p_max), the maxi-
mum power search unit 950 updates the value of the address
maximum value adrsMax to be corrected to the address value
corresponding to the determined maximum power value
p_spec.

On the other hand, when determining that the determined
maximum power value p_spec is equal to or smaller than the
current maximum power value p_max corresponding to the
current address maximum value adrsMax to be corrected
(p_spec=p_max, not greater than the current maximum
power value p_max), the maximum power search unit 950
does not update the address maximum value adrsMax to be
corrected, and maintains the current value.

The offset control unit 932 executes a series of the process-
ing such as the offset amount calculation processing and
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offset correction processing and so forth again using the
address maximum value adrsMax to be corrected after the
maximum power search processing by the maximum power
search unit 950.

Here, of all of the compensation coefficient h(p(t)) within
each LUT, the distortion compensation coefficient stored in
the address corresponding to the power value greater than the
maximum power value p_max of the transmission signal
Tx(t) is a coefficient that has not ever been used since the
transmission signal Tx(t) having the corresponding power
value has not been input during the operation of the distortion
compensation apparatus 902, and is a coefficient with no
updating processing being performed. Therefore, it can be
conceived that the offset correction processing does not have
to be performed regarding the distortion compensation coef-
ficient stored in the address corresponding to a power value
greater than the maximum power value p_max.

On the other hand, with the distortion compensation appa-
ratus 902, the address maximum value adrsMax to be cor-
rected has been determined using the maximum power value
p_max of the transmission signal Tx(t) that has been input up
to now, and accordingly, the address region to be corrected of
each LUT to be accessed in the offset amount calculation
processing or offset correction processing can be set based on
the maximum power value p_max of the transmission signal
Tx(t). Thus, an address where a distortion compensation
coefficient that does not have to be subjected to the offset
correction processing is stored can be excluded from
addresses to be accessed, and accordingly, the operation of
the offset amount calculation processing or offset correction
processing at the offset control unit 932 can more effectively
be performed.

Accordingly, with the distortion compensation apparatus
902, the power consumption of the offset correction process-
ing unit 970 and distortion compensation coefficient supply-
ing unit 450 can be reduced.

Note that, with the above embodiment, the power value of
the transmission signal Tx(t) has been monitored for a certain
period of time, thereby determining the maximum power
value p_spec during the certain period of time thereof, and the
address region to be corrected of each LUT to be accessed has
been set based on the determined maximum power value
p_spec, but further, an arrangement may be made wherein the
minimum power value for the certain period of time thereof'is
determined, and the address region to be corrected of each
LUT to be accessed is set based on the determined minimum
power value. In this case, according to the offset control unit
932, determination is made whether or not the determined
minimum power value is smaller than the current minimum
power value p_min corresponding to the current address
minimum value adrsMin to be corrected, and in the event that
determination is made that the determined minimum power
value is smaller than the current minimum power value
p_min, the address minimum value adrsMin to be corrected
may be updated to the value of an address corresponding to
the determined minimum power value.

3-2. Example of Distortion Compensation Coefficient Cor-
rection and Updating Operation at Distortion Compensation
Apparatus 902

FIG. 10 is a diagram illustrating an example of a flowchart
of distortion compensation coefficient correction and updat-
ing processing at the distortion compensation apparatus 902
according to the third embodiment. With the flowchart of the
distortion compensation coefficient correction and updating
processing illustrated in FIG. 10, the same or corresponding
steps are denoted with the same reference numerals as with
the steps of the flowchart illustrated in FIG. 6. Hereafter,
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description will be made regarding the distortion compensa-
tion coefficient correction and updating processing that the
distortion compensation apparatus 902 executes, with refer-
ence to the flowchart in FIG. 10. Note that, with the flowchart
in FIG. 10, a numeric expression relating to the processing in
the corresponding step is indicated in a portion surrounded
with a dotted line.

First, in step S602, the distortion compensation apparatus
902 starts a series of the distortion compensation coefficient
correction and updating processing.

Next, in step S604, the offset control unit 932 of the offset
correction processing unit 970 sets parameters used for the
offset correction value setting processing 660, offset compen-
sation value updating processing 670, and offset correction
processing 680 as initial setting. Examples of the parameters
to be set include the offset correction unit Ofst_u to be used
for the offset correction value setting processing, the address
minimum value adrsMin and maximum value adrsMax
within each LUT where a distortion compensation coefficient
to be corrected in the offset correction processing is stored,
and offset compensation values Ofst_m1 and Ofst_m?2 to be
stored in the compensation value storage units 436 and 440 in
the offset compensation value updating processing.

Though not particularly restricted, a certain positive value
u,, is set as the offset correction unit Ofst_u, and 0 (zero) is set
as the offset compensation values Ofst_m1 and Ofst_m2.

Ofst_u=u,

Ofst__m1=0, Ofst_m2=0

Also, though not particularly restricted, the minimum
value A, of an address where a compensation coefficient is
stored at each LUT is set as the address minimum value
adrsMin to be corrected.

adrsMin=4,

Also, though not particularly restricted, a predicted value
A, to be predicted as the maximum value of the power value
of the transmission signal Tx(t) that the distortion compen-
sation apparatus 902 receives is set as the address maximum
value adrsMax to be corrected.

adrsMax=4,_,,

Next, according to the steps S606 through S628, an LUT to
be processed is selected, and the offset control unit 932
executes the offset amount calculation processing 650, offset
correction value setting processing 660, offset compensation
value updating processing 670, and offset correction process-
ing 680 as to the selected LUTx to be processed (x is any of a
through d).

Next, in step S630, the distortion compensation coefficient
updating unit 324 executes the distortion compensation
updating processing as to each LUT. The details of the pro-
cessing performed in steps S606 through S630 is as described
in the flowchart in FIG. 6.

Next, in step S1032, the maximum power search unit 950
of'the offset control unit 932 receives the transmission signal
Tx(t), and calculates the power value p(t) of the transmission
signal Tx(t) based on the amplitude of the received transmis-
sion signal Tx(t). The maximum power search unit 950 con-
tinuously monitors the power value p(t) of the transmission
signal Tx(t) for a certain period of time, and determines a
maximum power value p_spec by searching the maximum
value out of the power value p(t) obtained for the certain
period of time thereof.

Next, in step S1034, the maximum power search unit 950
obtains the corresponding current maximum power value
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p_max based on the currently set address maximum value
adrsMax to be corrected. The maximum power search unit
950 determines whether or not the maximum power value
p_spec determined in step S1032 is greater than the corre-
sponding current maximum power value p_max.

When determining that the determined maximum power
value p_spec is greater than the current maximum power
value p_max (p_spec>p_max), the processing proceeds to
step S1036.

On the other hand, when determining that the determined
maximum power value p_spec is equal to or smaller than the
current maximum power value p_max (p_spec<p_max, not
greater than the current maximum power value p_max), the
processing returns to step S606. At this time, the maximum
power search unit 950 does not update the value of the address
maximum value adrsMax to be corrected, and maintains the
currently set value as the value of the address maximum value
adrsMax to be corrected.

Next, in step S1036, the maximum power search unit 950
generates the corresponding address value adrsUpd based on
the maximum power value p_spec determined in step S1032.
The maximum power search unit 950 updates the address
maximum value adrsMax to be corrected, to the generated
address value adrsUpd.

adrsMax=adrsUpd

After the updating processing of the address maximum
value adrsMazx, the processing returns to step S606.

According to the above steps S1032 through S1036, the
maximum power search processing 1090 is performed at the
offset correction processing unit 970.

A series of processing performed by the above steps S604
through S628 and S1032 through S1036 is the distortion
compensation coefficient correction processing that the dis-
tortion compensation apparatus 902 executes.

In step S606 and thereafter, the offset control unit 932
executes the series of the distortion compensation coefficient
correction and updating processing again using the updated
address maximum value adrsMax to be corrected.

As described above, with the distortion compensation
coefficient correction and updating processing illustrated in
FIG. 10, in the same way as with the distortion compensation
coefficient correction and updating processing illustrated in
FIG. 6, a distortion compensation coefficient is clipped to the
upper limit or lower limit in the coefficient setting range by
the offset amount calculation processing 650 and offset cor-
rection processing 680, whereby the distortion compensation
performance can be suppressed from deterioration. Further,
according to the offset compensation value updating process-
ing 670, even in the event that the value of the distortion
compensation coefficient stored in each LUT has been cor-
rected by the offset correction processing 680, suitable dis-
tortion compensation processing can be performed using a
distortion compensation coefficient generated in a pseudo
manner.

Further, with the distortion compensation coefficient cor-
rection and updating processing illustrated in FIG. 10, in the
same way as with the distortion compensation coefficient
correction and updating processing illustrated in FIG. 6,
according to the offset correction value setting processing
760, a suitable value according to the calculated offset
amount can be set as the offset correction value of a distortion
compensation coefficient, and also the value of the offset
correction unit Ofst_u is suitably adjusted, whereby the offset
correction processing 680 can suppress influence to be
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applied to the convergence of a distortion compensation coef-
ficient small in the distortion compensation coefficient updat-
ing processing.

In addition, with the distortion compensation coefficient
correction and updating processing illustrated in FIG. 10,
according to the maximum power search processing 1090, the
address maximum value adrsMax to be corrected is deter-
mined with the maximum power value p_max of the trans-
mission signal Tx(t) that has been input up to now, whereby
an address region to be corrected at each LUT to be accessed
in the offset amount calculation processing and offset correc-
tion processing can be set based on the maximum power value
p_max of the transmission signal Tx(t).

Accordingly, an address corresponding to a power value
greater than the maximum power value p_max of the trans-
mission signal Tx(t), where a distortion compensate coeffi-
cient of which the necessity to perform the offset correction
processing is low is stored, can be excluded from addresses to
be accessed by the maximum power search processing 1090,
and accordingly, each process can more effectively be
executed not only at the offset control unit 932 but also at each
of'the LUTa 406 through LUTd 412.

Accordingly, with the distortion compensation coefficient
correction and updating processing illustrated in FIG. 10, the
power consumption of the offset correction processing unit
970 and distortion compensation coefficient supplying unit
450 can be reduced, and the power consumption of the dis-
tortion compensation apparatus 902 can be reduced.

Note that, with the flowchart in FIG. 10, with regard to
processing other than the maximum power search processing
1090, though an example employing the distortion compen-
sation coefficient correction and updating processing accord-
ing to the first embodiment is illustrated in FIG. 6 has been
described, the present disclosure is not restricted to this, and
the distortion compensation coefficient correction and updat-
ing processing according to the second embodiment illus-
trated in FIG. 8 may be employed, for example.

4. Fourth Embodiment

Hereafter, description will be made regarding a wireless
communication device and a distortion compensation appa-
ratus, according to a fourth embodiment.

4-1. Configuration Example of Pre-Distortion Signal Gen-
erating Unit 1122

Though the configuration of a wireless communication
device 1110 according to the fourth embodiment differs from
the configuration of the wireless communication device 300
illustrated in FIG. 3 in that a distortion compensation appa-
ratus 1102 and a pre-distortion signal generating unit 1122
are provided instead of the distortion compensation apparatus
302 and pre-distortion signal generating unit 322, portions
other than those are the same. Accordingly, with regard to the
configuration of the wireless communication apparatus 1100,
drawing thereof is omitted.

FIG. 11 is a diagram illustrating an example of the internal
configuration of the pre-distortion signal generating unit
1122. FI1G. 12 is a diagram for describing the distortion com-
pensation coefficient correction processing at the pre-distor-
tion signal generating unit 1122. Hereafter, a configuration
example of the pre-distortion signal generating unit 1122 will
be described with reference to FIGS. 11 and 12.

Though the internal configuration of the pre-distortion sig-
nal generating unit 1122 differs from the internal configura-
tion of the pre-distortion signal generating unit 322 illustrated
in FIG. 4 in that an offset control unit 1132 and an offset
correction processing unit 1170 are provided instead of the
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offset control unit 432 and offset correction processing unit
470, compensation value storage units 1135 through 1137
and 1139 through 1141 are provided instead of the compen-
sation value storage units 436 and 440, and offset compensa-
tion units 1138 and 1142 are provide instead of the offset
compensation units 438 and 442, portions other than those are
the same. In FIG. 11, the same or corresponding portions are
denoted with the same reference numerals as with the pre-
distortion signal generating unit 322 illustrated in FIG. 4.

As illustrated in FIG. 11, the pre-distortion signal generat-
ing unit 1122 includes a distortion compensation coefficient
supplying unit 450, a distortion compensation processing unit
460, and an offset correction processing unit 1170. The offset
correction processing unit 1170 includes an offset control
unit 1132, compensation value storage units 1135 through
1137 and 1139 through 1141, and offset compensation units
1138 and 1142. The offset control unit 1132 includes a mean
value calculating unit 434 in the same way as with the offset
control unit 432.

In general, the frequency of occurrence of the transmission
signal Tx(t) that the distortion compensation apparatus
receives has bias regarding the power value p(t) thereof. Spe-
cifically, the transmission signal Tx(t) has a tendency
wherein, with a range of the power value corresponding to an
address region to be corrected, the frequency of occurrence of
a transmission signal having a medium-sized power value is
high, and the frequency of occurrence of a transmission signal
having a small power value and a transmission signal having
a great power value is low. With regard to the distortion
compensation coefficient h(p(t)) corresponding to a power
value p(t) of which the frequency of occurrence is low, a
frequency where coefficient updating processing is per-
formed is also low.

Therefore, with regard to a distortion compensation coef-
ficient corresponding to a power value smaller or greater than
the above medium-sized power value, the actual offset
amount thereof is apt to be generally smaller than the offset
amount L.UTofst in the case of being calculated as the mean
value of the distortion compensation coefficients of the entire
address region to be corrected. Conversely, the actual offset
amount of the distortion compensation coefficient h(p(t)) cor-
responding to the above medium-sized power value p(t) is apt
to be generally greater than the offset amount L.UTofst in the
case of being calculated as the mean value of the distortion
compensation coefficients of the entire address region to be
corrected. In this way, in general, unbalance regarding the
offset amount within the address region to be corrected is
caused.

On the other hand, the offset correction processing unit
1170 sets multiple divided address regions within the address
region to be corrected within each LUT based on the power
value p(t) of the transmission signal Tx(t), and executes each
process relating to the distortion compensation coefficient
correction processing independently for every set multiple
address regions.

Specifically, as illustrated in FIG. 12 for example, the offset
control unit 1132 sets three divided regions of an address
region 1202 having a medium-sized address corresponding to
apower value of which the frequency of occurrence is higher,
an address region 1201 having a smaller address than the
address region 1202 corresponding to a power value of which
the frequency of occurrence is lower, and an address region
1203 having a greater address than the address region 1202
corresponding to a power value of which the frequency of
occurrence is lower, within in the address region to be cor-
rected of each LUT.
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The offset control unit 1132 executes a series of processing
including the offset amount calculation processing, offset
correction value setting processing, offset compensation
value updating processing, and offset correction processing,
independently for every three address regions 1201 through
1203 at each LUT.

The offset control unit 1132 calculates, with the offset
amount calculation processing, three offset amounts
LUTostt_x1 through LUTostt_x3 corresponding to the
address regions 1201 through 1203, for each of the LUTs. The
offset control unit 1132 performs setting processing of the
offset correction values Ofst_x1 through Ofst_x3 indepen-
dently for every address regions 1201 through 1203 based on
the calculated offset amounts LUTosft x1 through
LUTosft_x3, for each of the LUTs. The offset control unit
1132 performs the offset correction processing as to the dis-
tortion compensation coefficient stored in each address
region independently for every address regions 1201 through
1203 based on the set offset correction values Ofst_x1
through Ofst_x3, for each of the LUTs.

Also, the offset control unit 1132 sets three offset compen-
sation values Ofst_m11, Ofst_ m12, and Ofst m13 corre-
sponding to the address regions 1201, 1202, and 1203 as the
offset compensation values to be supplied to the offset com-
pensation unit 1138 in response to the three offset amounts
LUTostt_x1 through LUTosft_x3 being calculated. The oft-
set compensation values Ofst_m11 through Ofst_m13 are
stored in the three compensation value storage units 1135
through 1137, respectively.

The offset control unit 1132 calculates, with the offset
compensation value updating processing, the updated values
of the offset compensation values Ofst_ml1l through
Ofst_m13 independently for every three address regions 1201
through 1203, and stores the calculated updated values of the
offset compensation values Ofst_m11 through Ofst_m13 in
the compensation value storage units 1135 through 1137.

Similarly, the offset control unit 1132 sets three offset
compensation values Ofst_m21, Ofst_m22, and Ofst_m23
corresponding to the address regions 1201, 1202, and 1203 as
the offset compensation values to be supplied to the offset
compensation unit 1142. The offset compensation values
Ofst_m21 through Ofst_m23 are stored in the three compen-
sation value storage units 1139 through 1141, respectively.

The offset control unit 1132 calculates, with the offset
compensation value updating processing, the updated values
of the offset compensation values Ofst_m21 through
Ofst_m23 independently for every three address regions 1201
through 1203, and stores the calculated updated values of the
offset compensation values Ofst_m21 through Ofst_m23 in
the compensation value storage units 1139 through 1141.

The offset compensation unit 1138 receives the offset com-
pensation values Ofst_m11 through Ofst_m13 from the com-
pensation value storage units 1135 through 1137. Also, the
offset compensation unit 1138 receives the address Adrs(Tx
(t)) from the address generating unit 402, and determines
which of the address regions 1201 through 1203 the value of
the received address Adrs(Tx(t)) corresponds to. The offset
compensation unit 1138 selects one value out of the received
offset compensation values Ofst_m11 through Ofst_m13
according to the determination result thereof. The offset com-
pensation unit 1138 performs the offset compensation pro-
cessing as to the post-synthesis coefficient h1(p(¢)) output
from the adder 414 using the selected offset compensation
value.

Similarly, the offset compensation unit 1142 receives the
offset compensation values Ofst_m21 through Ofst_m23
from the compensation value storage units 1139 through
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1141. Also, the offset compensation unit 1142 receives the
address Adrs(Tx(t-1) corresponding to the previous refer-
ence point-in-time t-1 from the delay unit 404, and deter-
mines which of the address regions 1201 through 1203 the
received address Adrs(Tx(t-1)) corresponds to. The offset
compensation unit 1142 selects one value out of the received
offset compensation values Ofst_m21 through Ofst_m23
according to the determination result thereof. The offset com-
pensation unit 1142 performs the offset compensation pro-
cessing as to the post-synthesis coefficient h2(p(¢)) output
from the adder 416 using the selected offset compensation
value.

Thus, with the distortion compensation apparatus 1102,
multiple address regions are set within the address region to
be corrected as to each LUT, and multiple offset amounts
corresponding to the set multiple address regions are calcu-
lated, and accordingly, even in the event that the frequency of
occurrence of the transmission signal Tx(t) has bias regarding
the power value p(t), a more accurate offset amount corre-
sponding to the power value (address value) thereof can be
calculated as to the distortion compensation coefficient
within each LUT. Thus, unbalance regarding the offset
amount caused within the address to be corrected within each
LUT can be reduced, whereby the offset correction process-
ing of the distortion compensation coefficient within each
LUT can more precisely be controlled.

Accordingly, with the distortion compensation apparatus
1102, the precision of the offset correction processing of the
distortion compensation coefficient within each LUT can be
improved.

Note that, with the above embodiment, though an arrange-
ment has been made wherein the three compensation value
storage units 1135 through 1137 are provided in response to
the three address regions 1201 through 1203, the present
disclosure is not restricted to this, and an arrangement may be
made for example wherein three storage regions correspond-
ing to the address regions 1201 through 1203 are provided
within one offset compensation storage unit, and the offset
compensation values Ofst_m11 through Ofst_m13 are stored
in these three storage regions. This can also be applied to the
compensation value storage units 1139 through 1141.

Also, the number of address regions to be set to the address
region to be corrected is not restricted to three, and the num-
ber of address regions can be changed as appropriate.

4-2. Example of Distortion Compensation Coefficient Cor-
rection and Updating Operation at Distortion Compensation
Apparatus 1102

FIG. 13 is a diagram illustrating an example of a flowchart
of distortion compensation coefficient correction and updat-
ing processing at the distortion compensation apparatus 1102
according to the fourth embodiment. Hereafter, description
will be made regarding the distortion compensation coeffi-
cient correction and updating processing that the distortion
compensation apparatus 1102 executes, with reference to the
flowchart in FIG. 13. Note that, with the flowchart in FIG. 13,
a numeric expression relating to the processing in the corre-
sponding step is indicated in a portion surrounded with a
dotted line.

First, in step S1302, the distortion compensation apparatus
1102 starts a series of the distortion compensation coefficient
correction and updating processing.

Next, in step S1304, the offset control unit 1132 of the
offset correction processing unit 1170 sets parameters used
for offset correction value setting processing, offset compen-
sation value updating processing, and offset correction pro-
cessing in later-described steps S1308 through S1330 as ini-
tial setting.
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Examples of the parameters to be set include the offset
correction unit Ofst_u to be used for the offset correction
value setting processing, the address minimum value adrsMin
and maximum value adrsMax within each LUT where a dis-
tortion compensation coefficient to be corrected in the offset
correction processing is stored, a boundary address value
ardsThl specifying the value of an address serving as the
boundary between the address region 1201 and the address
region 1202, a boundary address value ardsTh2 specifying
the value of an address serving as the boundary between the
address region 1202 and the address region 1203, and the
offset compensation values Ofst_m11 through Ofst_m13 and
Ofst_m21 through Ofst_m23 to be stored in the compensa-
tion value storage units 1135 through 1137 and 1139 through
1141 in the offset compensation value updating processing.

Though not particularly restricted, a certain positive value
u,, is set as the offset correction unit Ofst_u.

Ofst_u=u,

Also, 0 (zero) is set as each of the offset compensation
values Ofst_m11 through Ofst_m13 and Ofst_m21 through
Ofst_m?23.

Ofst_m11=0, Ofst_m12=0
Ofst_m13=0
Ofst__m21=0, Ofst_ m22=0

Ofst__m23=0

Also, though not particularly restricted, the minimum
value A, ,, and maximum value A, of addresses where a
correction coefficient is stored in the respective LUT are set as
the address minimum value adrsMin and maximum value
adrsMax to be corrected, respectively.

adrsMin=4,

min

adrsMax=4,,,,

Also, though not particularly restricted, predetermined cer-
tain address values A,,; and A, are set as the boundary
address values adrsThl and adrsTh2, respectively.

adrsThl=A4,,

adrsTh2=4,,,

Next, in step S1306, the offset control unit 1132 selects one
LUT to be processed out of the .UTa 406 through LUTd 412.
The offset controlunit 1132 cyclically selects the correspond-
ing LUT in the sequence of LUTa 406, LUTbH 408, LUTc 410,
LUTd 412, LUTa 406, LUTb 408, and so on, for example.

Next, in step S1308, the offset control unit 1132 performs
processing for calculating the offset amount LUTofst_x1 ofa
distortion compensation coefficient as to the address region
1201 of the LUT_x to be processed (x is any of a through d)
selected in step S1306. This offset amount calculation pro-
cessing is the same as the offset amount calculation process-
ing 650 described in the flowchart in FIG. 6 except that the
distortion compensation coefficient h(p(t)) to be subjected to
the addition averaging operation indicated by the above
Expression 1 are coefficients stored in the address region
from the address minimum value adrsMin to the boundary
address value adrsThl.

Next, in step S1310, the offset control unit 1132 performs
processing for setting the offset correction value Ofst_x1 asto
the address region 1201 of the LUT_x to be processed. This
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offset correction value setting processing is the same as the
offset correction value setting processing 660 described with
the flowchart in FIG. 6.

Next, in step S1312, the offset control unit 1132 performs
processing for updating the offset compensation values
Ofst_m11 and Ofst_m21 corresponding to the address
regions 1201 in the respective LUT. This offset compensation
value updating processing is the same as the offset compen-
sation value updating processing 670 described with the flow-
chart in FIG. 6.

Now, in the event that the LUT to be processed selected in
step S1306 is the LUTa or LUTb, the offset control unit 1132
stores the updated value Ofst_m of the offset compensation
value in the compensation value storage unit 1135, and
updates the offset compensation value Ofst_m11 within the
compensation value storage unit 1135.

Also, in the event that the LUT to be processed selected in
step S1306 is the LUTc or LUTd, the offset control unit 1132
stores the updated value Ofst_m of the offset compensation
value in the compensation value storage unit 1139, and
updates the offset compensation value Ofst_m21 within the
compensation value storage unit 1139.

Next, in step S1314, the offset control unit 1132 performs
the offset correction processing as to the distortion compen-
sation coefficient h(p(1)) stored in the address region 1201 of
the LUTx to be processed. This offset correction processing is
the same as the offset correction processing 680 described
with the flowchart in FIG. 6 except that the distortion com-
pensation coefficient h(p(t)) to be subjected to the correction
processing are coefficients stored in the address region from
the address minimum value adrsMin to the boundary address
value adrsThl.

According to the above steps S1308 through S1314, the
distortion compensation coefficient correction processing
1350 as to the address region 1201 is performed at the offset
correction processing unit 1170.

Next, in step S1316, the offset control unit 1132 performs
processing for calculating the offset amount LUTofst_x2 ofa
distortion compensation coefficient as to the address region
1202 of the LUT_x to be processed (x is any of a through d)
selected in step S1306. This offset amount calculation pro-
cessing is the same as the offset amount calculation process-
ing 650 described in the flowchart in FIG. 6 except that the
distortion compensation coefficient h(p(t)) to be subjected to
the addition averaging operation indicated by the above
Expression 1 are coefficients stored in the address region
from the boundary address value adrsTh1 to the boundary
address value adrsTh2.

Next, in step S1318, the offset control unit 1132 performs
processing for setting the offset correction value Ofst_x2 asto
the address region 1202 of the LUT_x to be processed. This
offset correction value setting processing is the same as the
offset correction value setting processing 660 described with
the flowchart in FIG. 6.

Next, in step S1320, the offset control unit 1132 performs
processing for updating the offset compensation values
Ofst_m13 and Ofst_m22 corresponding to the address
regions 1202 in the respective LUT. This offset compensation
value updating processing is the same as the offset compen-
sation value updating processing 670 described with the flow-
chart in FIG. 6.

Now, in the event that the LUT to be processed selected in
step S1306 is the LUTa or LUTb, the offset control unit 1132
stores the updated value Ofst_m of the offset compensation
value in the compensation value storage unit 1136, and
updates the offset compensation value Ofst_m12 within the
compensation value storage unit 1136.
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Also, in the event that the LUT to be processed selected in
step S1306 is the LUTc or LUTd, the offset control unit 1132
stores the updated value Ofst_m of the offset compensation
value in the compensation value storage unit 1140, and
updates the offset compensation value Ofst_m22 within the
compensation value storage unit 1140.

Next, in step S1322, the offset control unit 1132 performs
the offset correction processing as to the distortion compen-
sation coefficient h(p(t)) stored in the address region 1202 of
the LUT_x to be processed. This offset correction processing
is the same as the offset correction processing 680 described
with the flowchart in FIG. 6 except that the distortion com-
pensation coefficient h(p(t)) to be subjected to the correction
processing are coefficients stored in the address region from
the boundary address value adrsTh1 to the boundary address
value adrsTh2.

According to the above steps S1316 through S1322, the
distortion compensation coefficient correction processing
1360 as to the address region 1202 is performed at the offset
correction processing unit 1170.

Next, in step S1324, the offset control unit 1132 performs
processing for calculating the offset amount LUTofst_x3 ofa
distortion compensation coefficient as to the address region
1203 of the LUT_x to be processed (x is any of a through d)
selected in step S1306. This offset amount calculation pro-
cessing is the same as the offset amount calculation process-
ing 650 described in the flowchart in FIG. 6 except that the
distortion compensation coefficient h(p(t)) to be subjected to
the addition averaging operation indicated by the above
Expression 1 are coefficients stored in the address region
from the boundary address adrsTh2 to the address maximum
value adrsMax.

Next, in step S1326, the offset control unit 1132 performs
processing for setting the offset correction value Ofst_x3 asto
the address region 1203 of the LUT_x to be processed. This
offset correction value setting processing is the same as the
offset correction value setting processing 660 described with
the flowchart in FIG. 6.

Next, in step S1328, the offset control unit 1132 performs
processing for updating the offset compensation values
Ofst_m13 and Ofst_m23 corresponding to the address
regions 1203 in the respective LUT. This offset compensation
value updating processing is the same as the offset compen-
sation value updating processing 670 described with the flow-
chart in FIG. 6.

Now, in the event that the LUT to be processed selected in
step S1306 is the LUTa or LUTb, the offset control unit 1132
stores the updated value Ofst_m of the offset compensation
value in the compensation value storage unit 1137, and
updates the offset compensation value Ofst_m13 within the
compensation value storage unit 1137.

Also, in the event that the LUT to be processed selected in
step S1306 is the LUTc or LUTd, the offset control unit 1132
stores the updated value Ofst_m of the offset compensation
value in the compensation value storage unit 1141, and
updates the offset compensation value Ofst_m23 within the
compensation value storage unit 1141.

Next, in step S1330, the offset control unit 1132 performs
the offset correction processing as to the distortion compen-
sation coefficient h(p(t)) stored in the address region 1203 of
the LUT_x to be processed. This offset correction processing
is the same as the offset correction processing 680 described
with the flowchart in FIG. 6 except that the distortion com-
pensation coefficient h(p(t)) to be subjected to the correction
processing are coefficients stored in the address region from
the boundary address value adrsTh2 to the address maximum
value adrsMax.
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According to the above steps S1324 through S1330, the
distortion compensation coefficient correction processing
1370 as to the address region 1203 is performed at the offset
correction processing unit 1170.

A series of processing performed by the above steps S1304
through S1330 is the distortion compensation coefficient cor-
rection processing that the distortion compensation apparatus
1102 executes.

Next, in step S1332, the compensation coefficient updating
unit 324 performs distortion compensation coefficient updat-
ing processing as to the respective LUT. The details of this
distortion compensation coefficient updating processing are
as described with the flowchart in FIG. 6. After the distortion
compensation coefficient updating processing, the process-
ing returns to step S1306.

In step S1306, the offset control unit 1132 selects another
LUT out of the LUTa 406 through .LUTd 412 as the next LUT
to be corrected. The offset control unit 1132 executes the
distortion compensation coefficient correction processing
1350 through 1370 as to the address regions 1201 through
1203 regarding the selected LUT to be corrected.

As described above, with the distortion compensation
coefficient correction and updating processing illustrated in
FIG. 13, in the same way as with the distortion compensation
coefficient correction and updating processing illustrated in
FIG. 6, according to the offset amount calculation processing
and offset correction processing, a distortion compensation
coefficient is clipped to the upper limit or lower limit in the
coefficient setting range, whereby the distortion compensa-
tion performance can be suppressed from deterioration. Fur-
ther, according to the offset compensation value updating
processing 670, even in the event that the value of the distor-
tion compensation coetfficient within each LUT has been cor-
rected by the offset correction processing 680, suitable dis-
tortion compensation processing can be performed using the
distortion compensation coefficient generated in a pseudo
manner.

Further, with the distortion compensation coefficient cor-
rection and updating processing illustrated in FIG. 13, in the
same way as with the distortion compensation coefficient
correction and updating processing illustrated in FIG. 6,
according to the offset correction value setting processing, a
suitable value according to the calculated offset amount can
be set as the offset correction value of a distortion compen-
sation coefficient, and also the value of the offset correction
unit Ofst_u is suitably adjusted, whereby the offset correction
processing can suppress influence to be applied to the con-
vergence of a distortion compensation coefficient in the dis-
tortion compensation coefficient updating processing small.

In addition, with the distortion compensation coefficient
correction and updating processing illustrated in FIG. 13, the
multiple divided address regions 1201 through 1203 are set
within the address region to be corrected, and the distortion
compensation coefficient correction processes 1350 through
1370 are individually executed as to the address regions 1201
through 1203, whereby the offset amounts [UTofst_x1
through LUTofst_x3 corresponding to the address regions
1201 through 1203 can be calculated.

Accordingly, even in the event that the frequency of occur-
rence of the transmission signal Tx(t) has bias regarding the
power value p(t), a more accurate offset amount according to
the power value (address value) thereof can be calculated as to
the distortion compensation coefficient within each LUT.
Thus, unbalance regarding an offset amount caused within
the address regions to be corrected of the respective LUT can
be reduced, whereby the distortion compensation coefficient
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offset correction processing within the respective LUT can
more accurately be controlled.

Accordingly, with the distortion compensation coefficient
correction and updating processing illustrated in FIG. 13, the
precision of the distortion compensation coefficient offset
correction processing within the respective LUT can be
improved.

Note that, with the flowchart in FIG. 13, though an example
employing the distortion compensation coefficient correction
processing according to the first embodiment illustrated in
FIG. 6 has been illustrated regarding the distortion compen-
sation coefficient correction processes 1350 through 1370,
the present disclosure is not restricted to this, and for
example, the distortion compensation coefficient correction
processing according to the second embodiment illustrated in
FIG. 8, or distortion compensation coefficient correction pro-
cessing according to the third embodiment illustrated in FIG.
10 may be employed, for example.

5. Fifth Embodiment

Hereafter, description will be made regarding a wireless
communication device and a distortion compensation appa-
ratus, according to a fifth embodiment.

5-1. Configuration Example of Pre-Distortion Signal Gen-
erating Unit 1422

Though the configuration of a wireless communication
device 1400 according to the fifth embodiment differs from
the configuration of the wireless communication device 300
illustrated in FIG. 3 in that a distortion compensation appa-
ratus 1402 and a pre-distortion signal generating unit 1422
are provided instead of the distortion compensation apparatus
302 and pre-distortion signal generating unit 322, portions
other than those are the same. Accordingly, with regard to the
configuration of the wireless communication apparatus 1400,
drawing thereof is omitted.

FIG. 14 is a diagram illustrating an example of the internal
configuration of the pre-distortion signal generating unit
1422. F1G. 15 is a diagram for describing the distortion com-
pensation coefficient correction processing at the pre-distor-
tion signal generating unit 1422. Hereafter, a configuration
example of the pre-distortion signal generating unit 1422 will
be described with reference to FIGS. 14 and 16.

Though the internal configuration of the pre-distortion sig-
nal generating unit 1422 differs from the internal configura-
tion of the pre-distortion signal generating unit 1122 illus-
trated in FIG. 11 in that an offset control unit 1432 and an
offset correction processing unit 1470 are provided instead of
the offset control unit 1132 and offset correction processing
unit 1170, and further, an address region determining unit
1460 is provided, portions other than those are the same. In
FIG. 14, the same or corresponding portions are denoted with
the same reference numerals as with the pre-distortion signal
generating unit 1122 illustrated in FIG. 11.

As illustrated in FIG. 14, the pre-distortion signal generat-
ing unit 1422 includes a distortion compensation coefficient
supplying unit 450, a distortion compensation processing unit
460, and an offset correction processing unit 1470. The offset
correction processing unit 1470 includes an offset control
unit 1432, compensation value storage units 1135 through
1137 and 1139 through 1141, offset compensation units 1138
and 1142, and an address region determining unit 1460. The
offset control unit 1432 includes a mean value calculating
unit 434 in the same way as with the offset control unit 1132.

With the offset correction processing unit 1470, the address
region determining unit 1460 receives the generated address
Adrs(Tx(t)) from the address generating unit 402 based on the
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power value p(t) of the transmission signal Tx(t). The address
Adrs(Tx(t)) is signals having an address value corresponding
to the power value p(t) of the transmission signal Tx(t). The
address region determining unit 1460 monitors the received
address Adrs(Tx(t)) for a certain period of time (or a certain
times of counts worth) to count the frequency of occurrence
for every address value. The address region determining unit
1460 calculates, as illustrated in FIG. 15, an occurrence fre-
quency distribution of the address value corresponding to the
address Adrs(Tx(t)) based on the result of the counted occur-
rence frequency.

The address region determining unit 1460 divides the
address region to be corrected of each LUT into multiple
address regions based on the calculated address value occur-
rence frequencies. The address region determining unit 1460
performs processing for dividing the address region to be
corrected into a predetermined number of regions so that the
totals of address value occurrence frequencies in the multiple
address regions after division are mutually equal, thereby
determining the region made up of the individually divided
address regions. The address region determining unit 1460
divides the address region to be corrected of each LUT into
three address regions 1501 through 1503 as illustrated in FI1G.
15.

The address region determining unit 1460 obtains the value
of an address serving as a boundary of the multiple divided
address regions, and sets the obtained address value as a
boundary address value adrsTHn (n is an integer equal to or
greater than 1). For example, as illustrated in FIG. 15, the
address region determining unit 1460 obtains the value A, ,
of an address serving as a boundary between an address
region 1501 and an address region 1502 (the minimum value
of addresses within the address region 1502), and sets the
obtained A, , as a boundary address value adrsTh1. Also, the
address region determining unit 1460 obtains the value A, 55
of an address serving as a boundary between the address
region 1502 and an address region 1503 (the minimum value
of addresses within the address region 1503), and sets the
obtained A,,,; as a boundary address value adrsTh2. The
address region determining unit 1460 outputs address region
information ADR including the set boundary address value
adrsThn to the offset control unit 1432.

The offset control unit 1432 receives the address region
information ADR from the address region determining unit
1460, and sets multiple divided address regions within the
address region to be corrected of each LUT based on the
received address region information ADR. The offset control
unit 1432 sets the boundary address value adrsTHn included
in the address region information ADR as a parameter used
for processing such as the offset correction processing or the
like, thereby setting the multiple address regions.

The offset control unit 1432 sets the three address regions
1501 through 1503 illustrated in FIG. 15 using the above
boundary address value ardsTh1 and boundary address value
adrsTh2, for example.

Accordingly, the distortion compensation apparatus 1402
determines the range of each of the address regions within the
address region to be corrected based on the address value
occurrence frequency distribution obtained by monitoring the
address Adrs(Tx(t)) generated based on the power value p(t)
of the transmission signal Tx(t), whereby a division mode of
address regions of the address region to be corrected can be
changed according to difference in a communication environ-
ment where the distortion compensation 1402, and the wire-
less communication device including the distortion compen-
sation apparatus 1402 are disposed, and the ranges of the
address regions can be optimized. Thus, the distortion com-
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pensation coefficient offset correction processing within each
LUT can more accurately be controlled as compared to the
distortion compensation apparatus 1102.

Accordingly, with the distortion compensation apparatus
1402, the precision of the distortion compensation coefficient
offset correction processing within each LUT can further be
improved as compared to the distortion compensation appa-
ratus 1102.

Note that, with the above embodiment, though the address
region determining unit 1460 calculates an address value
occurrence frequency distribution based on the address Adrs
(Tx(1)) received from the address generating unit 402, the
present disclosure is not restricted to this. For example, an
arrangement may be made wherein the address region deter-
mining unit 1460 receives the address Adrs(T(t-1)) from the
delay unit 404, and calculates an address value occurrence
frequency distribution based on the received Adrs(T(t-1)).

Also, with the above embodiment, though an example has
been described wherein the address region to be corrected is
divided into three address regions, the present disclosure is
not restricted to this, and the number of address regions to be
divided can be changed as appropriate.

5-2. Example of Distortion Compensation Coefficient Cor-
rection and Updating Operation at Distortion Compensation
Apparatus 1402

FIG. 16 is a diagram illustrating an example of a flowchart
of distortion compensation coefficient correction and updat-
ing processing at the distortion compensation apparatus 1402
according to the fifth embodiment. Hereafter, description will
be made regarding the distortion compensation coefficient
correction and updating processing that the distortion com-
pensation apparatus 1402 executes, with reference to the
flowchart in FIG. 16. Note that, with the flowchart in FIG. 16,
a numeric expression relating to the processing in the corre-
sponding step is indicated in a portion surrounded with a
dotted line.

First, in step S1602, the distortion compensation apparatus
1402 starts a series of the distortion compensation coefficient
correction and updating processing.

Next, in step S1604, the address region determining unit
1460 sets parameters used for occurrence frequency counting
processing as initial setting. Examples of the parameters to be
set include a number of times N (number of times of fre-
quency counting) of processing for counting the frequency of
occurrence for every address value based on the address Adrs
(Tx(1)) (occurrence frequency counting processing). Now, let
us say that this number of times of frequency counting is N,
(N, is a positive integer). Also, the address region determin-
ing unit 1460 sets “0” as the initial value of a number of times
i of the occurrence frequency counting processing.

N=N,

i=0

Next, in step S1606, the address region determining unit
1460 determines whether or not the number of times i of
processing is greater than a number of times N of frequency
counting. In the event of the address region determining unit
1460 having determined that the number of times i of pro-
cessing is greater than the number of times N of frequency
counting, the processing proceeds to step S1612. In the event
of the address region determining unit 1460 having deter-
mined that the number of times i of processing is equal to or
smaller than the number of times N of frequency counting
(not greater than the number of times N of frequency count-
ing), the processing proceeds to step S1608.
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Next, in step S1608, the address region determining unit
1460 receives the address Adrs(Tx(t)) from the address gen-
erating unit 402. The address Adrs(Tx(t)) has the address
value generated based on the power value p(t) of the trans-
mission signal Tx(t) at the current reference point-in-time t.
The address region determining unit 1460 counts for every
address value the frequency of occurrence thereof based on
the received address Adrs(Tx(t)).

Next, in step S1610, the address region determining unit
1460 increments the value of the number of times i of pro-
cessing by “1”, thereby updating the number of times i of
processing. After updating of the number of times i of pro-
cessing, the processing returns to step S1606.

Next, in step S1612, the address region determining unit
1460 calculates an address value occurrence frequency dis-
tribution as to the address Adrs(Tx(t)) based on the occur-
rence frequency counted in steps S1606 through S1610. The
address region determining unit 1460 divides the address
region to be corrected at each LUT into three address regions
based on the calculated address value occurrence frequency
distribution. The address region determining unit 1460 per-
forms processing for dividing the address region to be cor-
rected into three regions so that the totals of the occurrence
frequencies of address values in the divided multiple address
regions are mutually equal, thereby dividing the address
region to be corrected into three address regions 1501 through
1503 as illustrated in FIG. 16.

The address region determining unit 1460 obtains the value
of an address serving as a boundary of the multiple divided
address regions, and sets the obtained address value as a
boundary address value adrsTHn (n is an integer equal to or
greater than 1). The address region determining unit 1460
obtains an address value A, , serving as a boundary between
the address region 1501 and the address region 1502 illus-
trated in FIG. 16, and sets the obtained address value as a
boundary address value adrsTh1, and also obtains an address
value A, ,, serving as a boundary between the address region
1502 and the address region 1503, and sets the obtained
address value as a boundary address value adrsTh2.

adrsThl=A4,»

adrsTh2=4,,,;

According to the above steps S1604 through S1612,
address region determination processing 1640 as to the
address region to be corrected is performed at the offset
correction processing unit 1470.

Next, in step S1614, the offset control unit 1432 sets
parameters used for offset correction value setting process-
ing, offset compensation value updating processing, and oft-
set correction processing in later-described steps S1618
through S1622. The details of the parameters to be set are as
described with the flowchart in FIG. 13. However, the bound-
ary address values set in step S1612 are set as the boundary
address values adrsTh1 and adrsTh2, respectively.

Next, in step S1616, the offset control unit 1432 selects one
LUT to be processed out of the .UTa 406 through .LUTd 412.
The offset control unit 1432 cyclically selects the correspond-
ing LUT in the sequence of LUTa 406, LUTbH 408, LUTc 410,
LUTd 412, LUTa 406, LUTb 408, and so on, for example.

Next, in step S1618, the offset control unit 1432 executes
distortion compensation coefficient correction processing
1650 as to the address region 1501 of the selected LUT_x to
be processed (X is any of a through d). This distortion com-
pensation coefficient correction processing 1650 is the same
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as the distortion compensation coefficient correction process-
ing 1350 described in steps S1308 through S1314 in the
flowchart in FIG. 13.

Next, in step S1620, the offset control unit 1432 executes
distortion compensation coefficient correction processing
1660 as to the address region 1502 of the selected LUT_x to
be processed. This distortion compensation coefficient cor-
rection processing 1660 is the same as the distortion compen-
sation coefficient correction processing 1360 described in
steps S1316 through S1322 in the flowchart in FIG. 13.

Next, in step S1622, the offset control unit 1432 executes
distortion compensation coefficient correction processing
1670 as to the address region 1503 of the selected LUT_x to
be processed. This distortion compensation coefficient cor-
rection processing 1670 is the same as the distortion compen-
sation coefficient correction processing 1370 described in
steps S1324 through S1330 in the flowchart in FIG. 13.

A series of processing performed in the above steps S1604
through S1622 is the distortion compensation coefficient cor-
rection processing that the distortion compensation apparatus
1402 executes.

Next, in step S1632, the compensation coefficient updating
unit 324 performs distortion compensation coefficient updat-
ing processing as to the respective LUT. The details of this
distortion compensation coefficient updating processing are
as described with the flowchart in FIG. 6. After the distortion
compensation coefficient updating processing, the process-
ing returns to step S1616.

In step S1616, the offset control unit 1432 selects another
LUT out of the LUTa 406 through [.LUTd 412 as the next LUT
to be processed. The offset control unit 1432 executes the
distortion compensation coefficient correction processes
1650 through 1670 as to the address regions 1501 through
1503 regarding the selected LUT to be processed.

As described above, with the distortion compensation
coefficient correction and updating processing illustrated in
FIG. 16, in the same way as with the distortion compensation
coefficient correction and updating processing illustrated in
FIGS. 6 and 13, according to the offset amount calculation
processing and offset correction processing, a distortion com-
pensation coefficient is clipped to the upper limit or lower
limit of the coefficient setting range, whereby the distortion
compensation performance can be suppressed from deterio-
ration. Further, according to the offset compensation value
updating processing, even in the event that the value of the
distortion compensation coefficient stored in each LUT is
corrected by the offset correction processing, suitable distor-
tion compensation processing can be performed using a dis-
tortion compensation coefficient generated in a pseudo man-
ner.

Further, with the distortion compensation coefficient cor-
rection and updating processing illustrated in FIG. 16, in the
same way as with the distortion compensation coefficient
correction and updating processing illustrated in FIGS. 6 and
13, according to the offset correction value setting process-
ing, a suitable value according to the calculated offset amount
can be set as the offset correction value of a distortion com-
pensation coefficient, and also the value of the offset correc-
tion unit is suitably adjusted, whereby the influence of the
offset correction processing to be applied to the convergence
of'a distortion compensation coefficient in the distortion com-
pensation coefficient updating processing can be suppressed
small.

Further, with the distortion compensation coefficient cor-
rection and updating processing illustrated in FIG. 16, in the
same way as with the distortion compensation coefficient
correction and updating processing illustrated in FIG. 13, the
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offset amounts LUTofst_x1 through LUTofst_x3 corre-
sponding to the address regions 1501 through 1503 of the
address region to be corrected can individually be calculated,
whereby the distortion compensation coefficient offset cor-
rection processing within each LUT can more accurately be
controlled even in the event that the frequency of occurrence
of the transmission signal Tx(t) has bias regarding the power
value p(t).

In addition, with the distortion compensation coefficient
correction and updating processing illustrated in FIG. 16,
according to the address region determination processing
1640, an address value occurrence frequency distribution is
calculated by counting the frequency of occurrence for every
address value based on the address Adrs(Tx(t)), and the range
of each address region within the address region to be cor-
rected is determined based on the calculated address value
occurrence frequency distribution. Thus, the address region
dividing mode of the address region to be corrected can be
changed according to difference in a communication environ-
ment where the distortion compensation coefficient correc-
tion and updating processing is performed, and the range of
each address region can be optimized. Thus, the distortion
compensation coefficient offset correction and updating pro-
cessing within each LUT can more accurately be controlled
as compared to the case of the distortion compensation coef-
ficient offset correction and updating processing illustrated in
FIG. 13.

Accordingly, with the distortion compensation coefficient
offset correction processing and updating processing illus-
trated in FIG. 16, the precision of the distortion compensation
coefficient offset correction and updating processing within
each LUT can be improved as compared to the distortion
compensation coefficient offset correction and updating pro-
cessing illustrated in FIG. 13.

Note that, with the above embodiment, though counting of
the frequency of occurrence for every address value has been
carried out by a certain number of times of counting worth,
thereby calculating an address value occurrence frequency
distribution, the present disclosure is not restricted to this, and
an address value occurrence frequency distribution may be
calculated by carrying out counting of the frequency of occur-
rence for every address value for a certain period of time for
example.

Though description has been made so far regarding a wire-
less communication device, a distortion compensation appa-
ratus, and a distortion compensation method, according to an
exemplary embodiment of the present disclosure, the present
disclosure is not restricted to the specifically disclose
embodiments, and various modifications and changes can be
made without departing from the scope of the claims.

All examples and conditional language recited herein are
intended for pedagogical purposes to aid the reader in under-
standing the invention and the concepts contributed by the
inventor to furthering the art, and are to be construed as being
without limitation to such specifically recited examples and
conditions, nor does the organization of such examples in the
specification relate to a showing of the superiority and infe-
riority of the invention. Although the embodiments of the
present invention have been described in detail, it should be
understood that the various changes, substitutions, and alter-
ations could be made hereto without departing from the spirit
and scope of the invention.

What is claimed is:

1. A distortion compensation apparatus for performing dis-
tortion compensation processing by applying inverse proper-
ties of distortion properties of a power amplifier to a trans-
mission signal to be input to the power amplifier, comprising:
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a plurality of distortion compensation coefficient storages
configured to store a plurality of first distortion compen-
sation coefficients used for said distortion compensation
processing; and
circuitry configured to
subject each of said first distortion compensation coef-
ficients stored in each of said plurality of distortion
compensation coefficient storages to offset correction
processing that corrects each offset for the each of the
distortion compensation coefficients,

generate one or more second distortion compensation
coefficients corresponding to said offset correction
processing not having been performed from the first
distortion compensation coefficients that have been
subjected to the offset correction processing based on
generated delay at a particular reference time, the first
compensation coefficients being stored in the distor-
tion compensation coefficient storages corresponding
to the transmission signal at different times, and

subject said transmission signal to said distortion com-
pensation processing based on said one or more sec-
ond distortion compensation coefficients.

2. The distortion compensation apparatus according to
claim 1, wherein said circuitry is further configured to:

calculate an offset amount of each of said first distortion
compensation coefficients as to each of said plurality of
distortion compensation coefficient storages to perform
said offset correction processing based on said calcu-
lated offset amount,

calculate an offset compensation value as to each of the first
distortion compensation coefficients after said offset
correction processing based on said calculated offset
amount; and

generate said one or more second distortion compensation
coefficients corresponding to said offset correction pro-
cessing not having been performed and said offset com-
pensation value to supply said one or more second dis-
tortion compensation coefficients for said distortion
compensation processing.

3. The distortion compensation apparatus according to
claim 1, wherein said circuitry calculates an offset amount of
each of said first distortion compensation coefficients as to
each of said plurality of distortion compensation coefficient
storages, and when said calculated offset amount is a value
out of a predetermined range, subjects the corresponding first
distortion compensation coefficient stored in the correspond-
ing distortion compensation coefficient storage to said offset
correction processing.

4. The distortion compensation apparatus according to
claim 1, wherein the circuitry is further configured to search
a maximum power value of said transmission signal; and

wherein said circuitry changes an address region to be
corrected within the corresponding distortion compen-
sation coefficient storage where said offset correction
processing is performed, based on the maximum power
value of said transmission signal determined by said
search.

5. The distortion compensation apparatus according to
claim 1, wherein each of said plurality of distortion compen-
sation coefficient storages includes a plurality of address
regions to be corrected where said offset correction process-
ing is performed;

and wherein said offset correction processing is performed
independently for every said plurality of address regions
to be corrected.

6. The distortion compensation apparatus according to

claim 5, wherein the circuitry is further configured to:
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generate an address of the corresponding distortion com-
pensation storage based on a power value of said trans-
mission signal; and
count a frequency of occurrence for each address value of said
generated address to determine said plurality of address
regions to be corrected within the corresponding distortion
compensation storage based on said counted frequency of
occurrence.

7. A distortion compensation method for performing dis-
tortion compensation processing for compensating distortion
of'a power amplifier as to a transmission signal, comprising:

performing offset correction processing as to a plurality of

first distortion compensation coefficients stored in each
of'a plurality of distortion compensation coefficient stor-
ages;

reading out said first distortion compensation coefficients

according to a power value of said transmission signal
from said plurality of distortion compensation coeffi-
cient storages;

generating one or more second distortion compensation

coefficients corresponding to said offset correction pro-
cessing not having been performed from the first distor-
tion compensation coefficients that have been subjected
to the offset correction processing based on generated
delay at a particular reference time, the first compensa-
tion coefficients being stored in the distortion compen-
sation coefficient storages corresponding to the trans-
mission signal at different times; and

performing said distortion compensation processing as to

said transmission signal based on said one or more sec-
ond distortion compensation coefficients.
8. The distortion compensation method according to claim
7, further comprising:
calculating an offset amount of each of said first distortion
compensation coefficients as to each of said plurality of
distortion compensation coefficient storages; and

calculating an offset compensation value as to each of the
first distortion compensation coefficients after said off-
set correction processing based on said calculated offset
amount;

wherein, with the performing of'said offset correction pro-

cessing, said offset correction processing is performed
based on said calculated offset amount;

and wherein the generating of said one or more second

distortion compensation coefficients is based on said
offset compensation value.
9. The distortion compensation method according to claim
7, further comprising:
calculating an offset amount of each of said first distortion
compensation coefficients as to each of said plurality of
distortion compensation coefficient storages; and

performing said offset correction processing as to the cor-
responding first distortion compensation coefficient
stored in said corresponding distortion compensation
coefficient storage when said calculated offset amount is
a value out of a predetermined range.

10. The distortion compensation method according to
claim 7, further comprising:

searching a maximum power value of said transmission

signal; and
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changing an address region to be corrected within said
corresponding distortion compensation coefficient stor-
age where said offset correction processing is per-
formed, based on the maximum power value of said
transmission signal determined by said searching.

11. The distortion compensation method according to
claim 7, wherein a plurality of address regions to be corrected
where said offset correction processing is performed are set to
each of said plurality of distortion compensation coefficient
storages;

and wherein, with the performing of said offset correction
processing, said offset correction processing is per-
formed independently for every said plurality of address
regions to be corrected.

12. The distortion compensation method according to

claim 11, further comprising:
generating an address of said corresponding distortion
compensation coefficient storage based on a power
value of said transmission signal; and
counting a frequency of occurrence for every address value
of said generated address to determine said plurality of
address regions to be corrected within said correspond-
ing distortion compensation storage based on said
counted frequency of occurrence.
13. A wireless communication device comprising:
a distortion compensation apparatus configured to perform
distortion compensation processing by applying oppo-
site properties of distortion properties of a power ampli-
fier as to a transmission signal to be input to the power
amplifier beforehand;
an up converter configured to perform orthogonal modula-
tion processing and also frequency conversion process-
ing to a radio frequency as to the output signal of said
distortion compensation apparatus; and
the power amplifier configured to perform power amplifi-
cation processing as to the output signal of said up con-
verter;
wherein said distortion compensation apparatus includes
a plurality of distortion compensation coefficient storages
configured to store a plurality of first distortion compen-
sation coefficients used for said distortion compensation
processing, and
circuitry configured to
perform offset correction processing as to each of said
first distortion compensation coefficients stored in
each of said plurality of distortion compensation coef-
ficient storages,

generate one or more second distortion compensation
coefficients corresponding to said offset correction
processing not having been performed from the first
distortion compensation coefficients that have been
subjected to the offset correction processing based on
generated delay at a particular reference time, the first
compensation coefficients being stored in the distor-
tion compensation coefficient storages corresponding
to the transmission signal at different times, and

perform said distortion compensation processing as to said
transmission signal based on said one or more second
distortion compensation coefficients.
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